WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
A61K 31/505, C07D 239/49 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 98/20878 

22 May 1998 (22.05.98) 



(21) International Application Number: 



PCT/US96/ 17748 



(22) International Filing Date: 



11 November 1996 (11.11.96) 



(71) Applicant: FMC CORPORATION [US/US]; 1735 Market 

Street, Philadelphia, PA 19103 (US). 

(72) Inventors: HENRIE, Robert, N., II; 785 Old York Road, East 

Windsor, NJ 08520 (US). PEAKE, Clinton, J.; 29 Fran 
Avenue, Trenton, NJ 08628 (US). CULLEN, Thomas, G.; 
22 Harrison Avenue, Milltown, NJ 08850 (US). YEAGER, 
Walter, H.; 274 Hickory Road, Yardley, PA 19067 (US). 
BROWN, Mary, E.; 667 Hillsborough Road, Belle Mead, 
NJ 08502 (US). BUSER, John, W.; 694 Wood Avenue, 
North Brunswick, NJ 08902 (US). 

(74) Agent: CALDWELL, John, W.; Woodcock Washburn Kurtz 
Mackiewicz & Norris, 46th floor, One Liberty Place, 
Philadelphia, PA 19103 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
HU, IL, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, 
LT, LU, LV, MD, MG, MK, MN, MW, MX, NO, NZ, PL, 
PT, RO, RU, SD, SE, SG, SI, SK, TJ, TM, TO, TT, UA, 
UG, UZ, VN, ARIPO patent (KE, LS, MW, SD, SZ, UG), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, DE, DK, ES, FI, FR, GB, 
GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, 
CF, CG, CI, CM, GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 



(54) Title: 5-[o;-(SUBSTITUTED ARYL)ALKENYLENE AND ALKYNYLENE]-2,4-DIAMINOPYRIMIDINES AS PESTICIDES 





(0) n 

(57) Abstract 

5-Substituted-2,4-diaminopyrimidines, and agriculturally acceptable salts thereof, when present in insecticidally or acaricidally 
effective amounts, and with a suitable agricultural carrier, are useful as active ingredients in novel insecticidal and acaricidal compositions. 
These pyrimidines may be represented by formula (I), wherein Ar is (a) or (b), and wherein U is an alkenylene or alkynylene moiety, and 
R, R 1 , R 2 , R 3 , R 4 , V, W, X, Y, Z and n are as defined herein; also disclosed and claimed are novel intermediates thereof. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT, 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C&te dTvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/20878 



PCT/US96/17748 



5-[avf SUBSTITUTED ARYUALKENYLENE AND ALKYNYLENE]-? 4- 
DIAM1NOPYR1M1DINES AS PESTICIDES 



5 This application is a continuation-in-part of Serial No. 08/241 ,083 filed 

May 11,1 994 in the names of Henrie et ah 

BACKGROUND OF THE INVENTION 

This invention relates to 5-substituted-2,4-diaminopyrimidine com- 

10 pounds (hereinafter H 2,4-diaminopyrimidines H ) and compositions containing 
the same which are useful for controlling agricultural pests such as insects 
and acarids. Still more particularly, this invention relates to certain 2,4- 
diaminopyrimidine compounds and compositions, and their use as acaricides, 
and as insecticides, particularly of the order Lepidoptera such as the tobacco 

15 budworm, and Coleoptera, such as the Mexican bean beetle. 

SUMMARY OF THE INVENTION 

In accordance with the present invention it has been found that novel 
substituted-2,4-diaminopyrimidines, and agriculturally acceptable salts 
20 thereof, when present in insecticidally or acaricidally effective amounts, and 
with a suitable agricultural carrier, are useful as active ingredients in the 
insecticidal compositions and methods of this invention. These novel 
pyrimidines may be represented by the following structure: 



NR 3 R 




25 R2R ' N - • (I) 

wherein 

R, R 1 , R 2 , and R 3 are independently selected from hydrogen, alkyl 

[e.g., -CH3, -C2H5, -C3H7, -C(CH3)3, -CH(CH3)2, n-C8Hi7], cycloalkyl 
30 (e.g., cyclohexyl), alkoxyalkyl (e.g., -C3H6OC2H5), alkoxyalkoxyalkyl 

(e.g., -C2H4OC2H4OC2H5), arylalkyl (e.g., phenyimethyl or 2- 
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pyridyl methyl), alkylcarbonyl, [e.g., -(C=0)CH3, -(C=0)CH(CH3)2, 
-(C=0)CnH23], cycloalkylcarbonyl (e.g., cyclohexylcarbonyl), 
alkoxycarbonyl [e.g., -(C=0)OC2H5], alkoxy alkylcarbonyl [e.g., 
-(C=0)C2H40C2H5], alkoxyalkoxyalkylcarbonyl [e.g., 
5 -(C==0)C2H40C2H40C2H5 ], aryicarbonyl (e.g., benzoyl), 

pyridinylcarbonyl (e.g., 3-pyridinylcarbonyl), aryloxyalkyl [e.g., 
-C(=0)CH20C6H5], haloaikylcarbonyl [e.g., -C(=0)(CH2)2F]. and 
cyanoalkylcarbonyl [e.g., -C(=0)(CH2)3CN]; 

1 0 wherein R, R 1 , R 2 , and R 3 contain up to about 1 2 carbon atoms, and 

wherein the alkyl groups may be straight or branched chain; or 

r1 and R 2 , and R 3 and R, each independently, when taken together with 
pentylene or 3-oxapentylene, form piperidine and morpholine ring 

1 5 systems respectively; 

R4 is hydrogen or lower alkyl [e.g., -CH3, -C2H5, -CH(CH3)2]; 
U is a C3 to about C12, preferably C3-8, alkenylene [e.g., -CH=CHCH2-, 
-CH=CHCH(CH3)-, -CH=CHC(CH3)2-], haloalkenylene [e.g., 
-CH=CHGF2-, -CF=CHC(CH3)2-]. alkoxyaikenylene [e.g., 

20 -CH=CHCH(OCH3)-], 2-(1-substituted-1-cycloalkyl)alkenylene [e.g., 2- 

[1 -substituted-1 -cyclopentyl]ethenylene], 2-(substituted-oxacyclo- 
alkyl)alkenylene [e.g., 2-(4-substituted-4-tetrahydropyranyl)ethenylene], 
2-[2-substituted-2-(1,3-dioxacycloalkyl)]alkenylene [e.g., 2-[2- 
substituted-2-(1 ,3-dioxolanyl)]ethenylene, or 2-[2-substituted-2-(1 ,3- 

25 dioxanyl)]ethenylene], dialkylsilylalkenylene [e.g., -CH=CHSi(CH3)2-]. 

oxoalkenylene (e.g., 3-oxo-1-propenylene), or hydroxyalkenylene [e.g., 
-CH=CHC(OH)CH3-]; or 

a C3 to about C12. preferably C3-8. alkynylene [e.g., -GsCCH2-, 
30 -C=CCH(CH3)-, -OCC(CH3)2-], alkoxyalkynylene [e.g., 

-C^CCH(OCH3)-], heterocycloalkylalkynylene [e.g., 3-(1-piperidinyl)-1- 
propynylene], 2-(1 -substituted-1 -cycloalkyl)alkynylene [e.g., 2-[1- 
substituted-1-cyclopentyl]ethynylene], 2-(substituted-oxacycloaIkyl)- 
alkynylene [e.g., 2-(4-substituted-4-tetrahydropyranyl)ethynylene], 2-[2- 
35 substituted-2-(1 ,3-dioxacycloalkyl)aikynyiene [e.g., 2-[2-substituted-2- 
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(1 ,3-dioxolanyl)]ethynylene, or 2-[2-substituted-2-(1 ,3-dioxanyl)]- 
ethynylene], dialkylsilylalkynyiene [e.g., -C^CSi(CH3)2-], oxoalkynylene 

(e.g., 3-oxo-l -propynylene), or hydroxyalkynylene [e.g., 
-OC(OH)CH 3 -]; 

5 Ar is 




(0) n 



wherein 

V, W, X, Y, and Z are independently selected from hydrogen, halogen (e.g., 
chloro), lower alkyl (e.g., -CH3 or-C(CH3)3), lower haloalkyl (e.g., 
10 -CF3), lower alkoxy (e.g., -OC4H9 or -OCH3), lower haloalkoxy (e.g., 

-OCF3), lower alkoxyalkyl (e.g., -CH2OCH3), lower alkylsulfonyl (e.g., 
* -SO2CH3), substituted aryl (e.g., 4-fIuorophenyl), substituted aryloxy 
(e.g., 4-chlorophenoxy), and hydroxy; and 
n is 0 or 1 ; 

15 and agriculturally acceptable salts thereof, including hydrochloric acid salt, 
ethanesulfonic acid salt, gluconic acid salt, and pamoic acid salt. 

Of the compounds of the present invention, among the more preferred ones, 
particularly as insecticides and acaricides, are those wherein 

20 

R, R 1 , R 2 , and R 3 are independently selected from hydrogen, lower alkyl 
(e.g., -CH3, -C2H5, -C3H7), alkoxyalkoxyalkyl (e.g., 
-C2H40C2H40C2H5), alkylcarbonyl [e.g., -(C=0)CH3, 
-(C=0)CH(CH3)2L alkoxycarbonyl [e.g., -(C=0)OC2H5], alkoxyalkyl- 
25 carbonyl [e.g., -C(=0)CH20C2Hs, -C(=0)(CH2)30C2H5, 

-C(C=0)C2H40C2H5], alkoxyalkoxyalkylcarbonyl [e.g., 
-(C=0)C2H40C2H40C2H5 ], pyridinylcarbonyl (e.g., 3- 
pyridinylcarbonyl), and haloalkylcarbonyl [e.g., -C(=0)(CH2)2F]: 

R 4 is lower alkyl [e.g., -CH 3 ]; 
30 U is a C3-8 alkenylene [e.g., -CH=CHCH(CH3h -CH=CHC(CH3)2-], 2-(1- 
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substituted- 1 -cycloaIkyl)aikenylene [e.g., 2-[1 -substituted-1 -cyclopentyi]- 
ethenylene], 2-(substituted-oxacydoalkyl)aikenylene [e.g., 2-(4-sub- 
stituted-4-tetrahydropyranyl)ethenylene], 2-[2-substituted-2-(1,3-dioxa- 
cycloalkyl)a!kenylene [e.g., 2-[2-substituted-2-(1 ,3-dioxolanyl)]ethen- 
5 yiene, 2-[2-substituted-2-(1 ,3-dioxanyl)]ethenylene], or dialkylsilyl- 

alkenylene [e.g., -CH=CHSi(CH3)2-]; or 

aC3-8 alkynylene [e.g., -C^CCH(CH3)-, -QeCC(CH3)2-], 2-(1- 
substituted-1 -cycloalkyl)alkynylene [e.g., 2-[1 -substituted- 1 - 

10 cyclopentyl]ethynyiene], 2-(substituted-oxacycloaIkyl)alkynylene [e.g., 2- 

(4-substituted-4-tetrahydropyranyl)ethynyiene], 2-[2-substituted-2-(1 ,3- 
dioxacycloalkyl)]aJkynyiene [e.g., 2-[2-substituted-2-(1 ,3- 
dioxolanyl)]ethynylene, 2-[2-substituted-2-(1 ,3-dioxanyl)]ethynyiene], or 
dialkylsilylalkynylene [e.g., -C^CSi(CH3)2-]; and 

15 Ar is as defined above in Formula (I), 
wherein 

W, X, and Y are independently selected from hydrogen, halogen (e.g., chloro, 
or fiuoro), haloalkyi (e.g., -CF3), lower alkyl (e.g., -C(CH3)3), lower 
alkoxy (e.g., -OCH3), and lower alkylsulfonyl (e.g., -SO2CH3); 
20 V, and Z are hydrogen; and 
n is 0 or 1 . 

Of these compounds, those which are particularly preferred are those 
having an unsaturated bridge at the pyrimidine 5-position wherein the 
unsaturation is adjacent to the pyrimidine. 

25 The above preferred 2,4-diaminopyrimidine compounds falling within the 

scope of Formula (I) are preferred because of their high pesticidal activity, 
and may be used in controlling pests by applying to the locus where control is 
desired an insecticidal or acaricidal amount of these compounds admixed in 
a suitable agricultural carrier. When thus applied to infected crops such as 

30 cotton, vegetables, fruits or other crops, these compounds are highly 
effective against an array of pests, particularly those shown in the tables 
below. 

For the purposes of this invention, as regards the above substituent 
groups, the following definitions apply: 



WO 98/20878 



PCTAJS96/17748 



The term alkyl, alone or as part of a larger moiety, as used herein, 
generally, except where indicated, includes straight or branched chained alkyl 
groups of up to about 14 carbon atoms, desirably up to about 1 2 carbon 
atoms, and preferably lower straight or branched alkyl of up to about 6 
5 carbon atoms; while halogen includes chlorine, bromine, fluorine and iodine 
atoms. The terms haloalkyl and haloalkoxy include straight or branched 
chain alkyl of 1 to 14 carbon atoms, preferably lower straight or branched 
alkyl of 1 to 6 carbon atoms, wherein one or more hydrogen atoms have 
been replaced with halogen atoms, as, for example, trifluoromethyl and 2,2,2- 
1 0 trifiuoroethoxy, respectively. The terms lower alkoxy includes those moieties 
having 1 to 6 carbon atoms, e.g., ethoxy, etc. 

In R, R 1 , R 2 , and R 3 , the carbon atom content of these moieties, 
including the carbon atoms of the alkyl groups, preferably lower alkyl, which 
may be straight or branched chain, and which are part of these moieties, is 
1 5 desirably from 1 up to about 1 2 carbon atoms. Thus, for example R, R 1 , R 2 , 
and R 3 include C1-12 alkyl; C2-12 alkylcarbonyl, haloalkylcarbonyl, 
alkoxyalkyl and alkoxycarbonyl; C3-12 cycloalkyl, alkoxyalkoxyalkyl, 
alkoxyalkylcarbonyl, and cyanoalkylcarbonyl; C4-12 cycloalkylcarbonyl and 
alkoxyalkoxyalkyicarbonyl; and C7-12 arylalkyl, aryloxyalkyl and arylcarbonyl, 
20 in which lower alkyl is preferably C1 to about C6- 

The terms aryl and substituted aryl include optionally substituted phenyl, 
and naphthyl, preferably phenyl or substituted phenyl; the terms arylcarbonyl 
and substituted arylcarbonyl. include benzoyl and naphthoyl, preferably 
benzoyl or substituted benzoyl; while the terms aryloxy and substituted 
25 aryloxy include phenoxy and naphthoxy. 

The term "substituted" as applied to the V, W, X, Y, and Z groups of the 
substituted aryl moiety in Formula (I) above, includes such substituents as 
lower alkyl, halogen, hydroxy, lower haloalkyl, lower alkoxy, lower haloalkoxy, 
lower alkoxyalkyl, carboxy, lower alkoxycarbonyl, cyano, nitro, amino- 
30 carbonyl, lower alkylsulfinyl, lower aikylcarbonyiamino, lower alkylsulfonyl- 
amino, lower alkylthio, lower alkyisulfonyl, formyl, lower alkoxycarbonyl, 
dialkylsilyloxy, phenyl, phenoxy, arylalkoxy, and aryloxyalkoxy, wherein the 
phenyl, phenoxy, arylalkoxy, and aryloxyalkoxy substituents may themselves 
be optionally substituted with halogen, lower haloalkyl, lower alkyl, lower 
35 alkoxy, or lower alkyisulfonyl, wherein lower alkyl is preferably C1 to about 

C6- 
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In the definition of the U-moiety, the carbon atom limitation of C3 to 
about C1 2, and preferably C3-8, will be understood to apply to all of the 
recited unsaturated groups; while the term heterocyclo, as applied to the 
heterocycloalkylalkynylene moiety of the above described U group, includes 
5 1-piperidinyl, 1-morpholinyl, and 1-pyrrolidinyL 

It will be understood from the structure of Formula (I), above, that the 
term "substituted" as employed in the definition of the U-moiety is for the sole 
purpose of designating the point of attachment of the aryl group, Ar, to the U- 
moiety, as shown by that structure. 

10 

DFTAII FH DFSCRIPTI ON OF THE INVENTION 

Synthesis of The Compounds 

The compounds of the present invention may readily be prepared by 
methods known to one skilled in the art. Briefly, for those compounds 

15 wherein the U moiety of Formula (I) is straight or branched chain alkenylene 
[e.g., -CH==CHCH(CH3)-, -CH2CH=C(CH3)-] f an appropriately substituted 
phenylmagnesium bromide may be reacted with an oxoalkanenitrile, for 
example, 5-oxohexanenitriIe, affording the corresponding (substituted 
phenyl)hydroxyalkanenitrile. The so-prepared (substituted phenyl)- 

20 hydroxyalkanenitrile can in turn be dehydrated using p-toluenesulfonic acid in 
toluene, yielding a corresponding mixture of alkenenitrile isomers, for 
example, 5-(substituted phenyl)-4-hexenenitrile and 5-(substituted phenyl)-5- 
hexenenitrile. The alkenenitrile mixture may then be treated with n- 
butyllithium, and acylated with ethyl acetate, affording the corresponding 

25 mixture of oxoalkenes, for example, 3-cyano-2-oxo-6-(substituted phenyl)-5- 
heptene and 3-cyano-2-oxo-6-(substituted phenyl)-6-heptene. The oxo- 
alkene mixture may in turn be reacted with an alcohol in the presence of f> 
toluenesulfonic acid, yielding the corresponding dienol ether mixture, for 
example, 3-cyano-2-pentoxy-6-(substituted phenyl)-2,5-heptadiene and 3- 

30 cyano-2-pentoxy-6-(substituted phenyl)-2,6-heptadiene. In the final step of 
this preparation, the diene mixture can be cyclized with guanidine hydro- 
chloride under basic conditions, yielding a mixture of targeted 2,4-diamino- 
pyrimidine compounds, for example, frans-2,4-diamino-6-methyI-5-[3-(4- 
chlorophenyl)-1-butenyl]pyrimidine (Compound 7 of Table ! below) and trans- 

35 2,4-diamino-6-methyl-5-[3-(4-chlorophenyl)-2-butenyl]pyrimidine (Compound 
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34). The targeted isomers are separated by column chromatography. 
Example 1 provides a detailed description of how this reaction is conducted. 

In the procedure described above, guanidine hydrochloride may be 
replaced with a substituted guanidine, for example, 1-ethylguanidine 
5 hydrochloride, which yields 2-(substituted amino)-4-amino-6-methyl-5- 

substituted pyrimidines, for example, 2-ethyiamino-4-amino-6-methyl-5-[3-(4- 
chlorophenyl)-1-butenyl]pyrimidine (Compound 47) and 2-ethylamino-4- 
amino-6-methyl-5-[3-(4-chlorophenyl)-2-butenyl]pyrimidine. Example 7 
provides a detailed description of how this reaction is conducted. 

10 

In another route, wherein U is straight or branched chain alkenylene 
[e.g., -CH2C=C(CH3)-], an appropriately substituted acetophenone, when 

treated with vinylmagnesium bromide, yields the corresponding 3-hydroxy-3- 
(substituted phenyl)-! -butene. Treatment of the 1-butene derivative with 

1 5 pyridine and thionyl chloride effects migration of the double bond and 

chlorination, yielding the corresponding chlorinated 2-butene derivative, for 
example, 1-chloro-3-(substituted phenyl)-2-butene. The chloro-2-butene 
derivative is then treated with sodium hydride and reacted with ethyl aceto- 
acetate, affording the appropriate ethyl hexenoate, for example, ethyl 2- 

20 methylcarbonyl-5-(substituted phenyl)-4-hexenoate. The so-prepared ethyl 
hexenoate may in turn be cyclized with guanidine hydrochloride, affording the 
corresponding 2-amino-4-hydroxy-6-methylpyrimidine, for example, 2-amino- 
4-hydroxy-6-methyl-5-[3-(substituted phenyl)-2-butenyi]pyrimidine. The 
pyrimidine intermediate is then chlorinated with phosphorous oxychloride and 

25 phosphorous pentachloride, and further cyclized with sodium azide and 
ammonium chloride, affording the corresponding 5-amino-7-methyltetra- 
zolo[i,5-c]pyrimidine, for example, 5-amino-7-methyl-8-[3-(substituted 
phenyl)-2-butenyl]tetrazolo[1 ,5-c]pyrimidine. The tetrazolo[1 ,5-c]pyrimidine 
ring is then opened with activated zinc and acetic acid, affording the targeted 

30 2,4-diamino-6-methylpyrimidine, for example, 2,4-diamino-6-methyl-5-[3- 
(substituted phenyl)-2-butenyl]pyrimidine. Example 2 provides a detailed 
description of how this reaction is conducted. 

In addition to the routes described above, those compounds wherein U 
35 is straight or branched chain alkynylene [e.g., -C=CCH2-, -C^CCH(CH3)-, 
-Ch=CC(CH3)2-], oxoalkynylene (e.g., 3-oxo-t-propynylene), or dialkylsil- 
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ylalkynylene [e.g., -C=CSi(CH3)2-], may be prepared by the Heck coupling of 
2,4-diamino-5-iodo-6-methylpyrimidine with the appropriately substituted 
terminal alkyne, oxoalkyne or dialkylsilylalkyne in the presence of bis- 
(triphenylphosphine)palladium(ll) chloride and copper iodide in triethylamine. 

5 Targeted compounds prepared using the Heck coupling include, for example, 
2,4-diamino-6-methyl-5-(3-phenyl-1-propynyl)pyrimidine (Compound 39), 2,4- 
diamino-6-methyl-5-[3-(4-chlorophenyl)-3-oxo-1-propynyl]pyrimidine 
(Compound 46), and 2,4-diamino-6-methyl-5-[(4-chIorophenyI)- 
dimethylsilylethynyl]pyrimidine (Compound 45). Examples 3, 9, 10, and 15 

1 0 provide detailed descriptions of how these reactions are conducted. 

Other compounds wherein U is straight or branched chain alkenylene 
[e.g., -CH=CHCH2-, -CH=CHC(CH3)2-, -CH=CHC(CH3)2CH2-. . 
-CH=CHCH(OCH3)-]. haloalkenylene (e.g., -CH=CHCF2-, 

1 5 -CF=CHC(CH3)2-), oxoalkenylene (e.g., 3-oxo-1 -propenylene), 2-(1 - 
substituted-1 -cycloalkyI)alkenylene [e.g., 2-[1 -substituted-1 -cyclopentyl]- 
ethylene], and dialkylsilylalkenylene [e.g., -CH=CHSi(CH3)2-] may be 
prepared by the Stille coupling of 2,4-diamino-5-iodo-6-methylpyrimidine with 
the appropriately substituted alkenyl, haloalkenyl, or oxoalkenyl trialkyl tin 

20 derivatives. Targeted compounds prepared using the Stille coupling include, 
for example, 2,4-diamino-6-methyl-5-[3,3-difluoro-3-(4-chlorophenyl)-1 - 
propenyl]pyrimidine (Compound 4), 2,4-diamino-6-methyI-5-[3-(4-chloro- 
phenyl)-3-oxo-1-propenyl]pyrimidine (Compound 27), 2,4-diamino-6-methyl- 
5-[3-(4-chlorophenyl)-3-methyl-1-butenyl]pyrimidine (Compound 21), 2,4- 

25 diamino-6-methyl-5-[2-[1 -(4-chlorophenyl)-1 -cyclopentyl]ethenyl]pyrimidine 
(Compound 24), and 2,4-diamino-6-methyl-5-[1-fluoro-3-methyl-3-(4-chloro- 
phenyl)-1-butenyl]pyrimidine (Compound 62). Examples 4, 5, 6 1 1 , 13, 14 
and 16 provide detailed descriptions of how these reactions are conducted. 

30 Optionally, compounds prepared as described above may be further 

reacted to obtain other compounds included within the scope of the present 
invention. For example, a 2,4-diaminopyrimidine or a 2-(mono-substituted)- 
amino-4-aminopyrimidine may be reacted with an acid anhydride, such as 
acetic anhydride or isobutyric anhydride, in the presence of 4-dimethylamino- 

35 pyridine, affording the corresponding 2,4-di(substituted)aminopyrimidines. 

Two compounds, frans-2,4-di-(1 -methylethylcarbonylamino)-6-methyl-5-[3-(4- 



WO 98/20878 



PC17US96/17748 



chloropheny!)-1-butenyl]pyrimidine (Compound 54), and 2-[(ethyl)(methyl- 
carbonyl)]amino-4-methylcarbonylamino-6-^ 

butenyl]pyrimidine (Compound 58) are compounds prepared in this manner. 
Examples 8 and 12 provide detailed descriptions of how these reactions are 
5 conducted. 

Selected compounds prepared as described above may also be further 
reacted to obtain other compounds included within the scope of the present 
invention. These reactions include treating a carbonyl-containing compound, 
for example 2,4-diamino-6-methyl-5-[3-(4-chlorophenyl)-3-oxo-1 -propynyl]- 
10 pyrimidine (Compound 46) with, for example, ethylene glycol in the presence 
of a catalyst, affording the corresponding ketal, for example, 2,4-diamino-6- 
methyl-5-[2-[2-(4-chlorophenyl)-2-(1,3-dioxolanyl)]ethynyl]pyrimidine 
(Compound 1 08). Example 1 6 provides a detailed description of how this 

reaction may be conducted. 
15 Example 17, wherein U is alkenylene [e.g., -CH=CHC(CH3)2-], teaches 

a desirable method for preparing Compound 68, in which a substituted 
phenylmethyl halide, for example, 4-trifiuoromethylphenylmethyl bromide, is 
treated with potassium cyanide in water, yielding the corresponding sub- 
stituted phenylacetonitrile. The so-prepared acetonitrile may then be treated 

20 with potassium tert-butoxide in tetrahydrofuran, then reacted with a lower 
alkyl halide, for example iodomethane, yielding the corresponding 2-alkyl-2- 
(substituted phenyl)propanenitrile. The propanenitrile is then treated with 
diisobutylaluminium hydride which converts it to the corresponding propan- 
aldehyde, for example, 2-methyl-2-(4-trifIuoromethylphenyl)propanaldehyde. 

25 The propanaldehyde may then be reacted with bromomethyl triphenylphos- 
phonium bromide and potassium fe/t-butoxide in tetrahydrofuran, affording 
the cis/trans -1-bromo-3-aIkyl-3-(substituted phenyl)-! -butene intermediate. 
This compound, in turn can be dehydrohalogenated with potassium tert- 
butoxide in terf.-butanol, affording the corresponding butyne, for example, 3- 

30 methyl-3-(4-trifluoromethylphenyl)-1 -butyne. Using methods taught by G. W. 
Kabalka et al. [Synthetic Communications, 1 1 (3), 247-251 (1981) and 
Synthetic Communications, 13(12), 1027-1032 (1983)], the 1 -butyne is 
reacted with 1,3,2-benzodioxaborole to form a boronic acid, in the present 

* 

case, frans-3-methyl-3-(4-trifIuoromethylphenyl).-1-butenylboronic acid. The 
35 sodium salt of the boronic acid may in turn be reacted with 2,4-diamino-5- 
iodo-6-methylpyrimidine in the presence of tetrakistriphenylphosphine 
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palladium(O) in ethanol, yielding the targeted frans-2,4-diamino-6-methyI-5-[3- 
(4-trifluoromethylphenyl)-3-methyI-1 -butenyl]pyrimidine (Compound 68). 

Compound 84, exemplified in Example 18, may be prepared by 
methods taught above. 
5 In Example 19, the commercially available 2-amino-4-chloro-6-methyl- 

pyrimidine when reacted with an appropriate lower alkylamine, for example, 
propylamine in ethanol, yields 2-amino-4-alkylamino-6-methyIpyrimidine. The 
4-alkylaminopyrimidine may then be halogenated with iodine monochloride to 
give the corresponding 2-amino-4-aikylamino-5-iodo-6-methylpyrimidine, 

10 which is in turn reacted with an appropriate boronic acid, as described in 
Example 17, yielding, for example, the targeted frans-2-amino-4-propyl- 
amino-6-methyl-5-[3-(4-trifluoromethylphenyl)-3-methyl-1-butenyl]pyrimidine 
(Compound 140). 

In Example 20, using a method analogous to Example 8, above, a 

1 5 targeted 2,4-diaminopyrimidine, for example, frans-2-amino-4-propylamino-6- 
methyl-5-[3-(4-trifluoromethylphenyl)-3-methyl-1 -butenyl]pyrimidine may be 
reacted with an acid anhydride, such as acetic anhydride or isobutyric 
anhydride, in the presence of 4-dimethylaminopyridine, affording the 
corresponding 2,4-di(substituted)aminopyrimidine, for example, frans-2-(1- 

20 methylethylcarbonyl)amino-4-[(propyl)(1-methylethylcarbonyl)amino]-6- 

methyl-5-[3-(4-trifluoromethylphenyl)-1 -butenyl]pyrimidine (Compound 1 43). 

In Examples 21 and 22, employing methods analogous to those of 
Example 17 and 18, there may be obtained the corresponding 3-(2,6-di-t- 
butyl-4-pyridyl)-1-butenyl or-1-butynyl compound by using, e.g., 4-bromo- 

25 methyI-2,6-di-t-butylpyridine (which may be prepared by the method of C J. 
Hou et al, JOC 4Z (1 982), pp. 1 977-9) in place of the 4-trifluoromethylphenyl 
starting compound of Example 17. Desirably, the acidification step of 
Example 17, Step C, may be replaced with sodium fluoride treatment as 
taught by LE. Overman et a!, Tetrahedron Letters, 25 (1984), pp. 5737-5738. 

30 Further, in the preparation of the butyne derivative of Example 1 8, the butyne 
product analogous to that of Example 1 7, Step F may be used as an 
intermediate starting material. 
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EXA MP LES 

The following examples, which disclose the preparation of 
representative compounds of this invention (see Table 1), are for the purpose 
of illustrating methods for the preparation of the compounds employed in the 
5 methods and formulations of this invention. 

■ 

EXAMPLE 1 

SYNTHESIS OF frans-2,4-DIAMINO-6-METHYL-5-[3-(4-CHLOROPHENYL)- 

1 -BUTENYL]PYRIMIDINE (COMPOUND 7) 
10 AND frans-2,4-DIAMINO-6-METHYL-5-[3-(4-CHLOROPHENYL)-2- 

BUTENYL]PYRIMIDINE (COMPOUND 34) 

Step A Synthesis of 5-hydroxy-5-(4-chlorophenyl)hexanenitrile as an 

intermediate 

One hundred mL (0.1 mole) of a 1 .0 molar solution of 4-chlorophenyl- 
magnesium bromide in diethyl ether is stirred, and a solution of 1 1 .4 mL (0.1 
mole) of 5-oxohexanenitrile in 125 mL of diethyl ether is added dropwise. 
The exothermic reaction causes the reaction mixture temperature to rise to 

20 about 31 °C. The reaction mixture is then cooled in an ice-bath, and the 
dropwise addition of the nitrile solution is continued. The complete addition 
requires about 30 minutes. Upon completion of addition, the reaction mixture 
is allowed to warm to ambient temperature where it is stirred for two hours. 
The reaction mixture is then poured into 500 mL of water and made acidic 

25 with aqueous 2N hydrochloric acid. The organic layer is separated, and the 
aqueous layer is extracted with one 250 mL portion of diethyl ether. The 
organic layers are combined and dried with magnesium sulfate. The mixture 
is filtered, and the filtrate is concentrated under reduced pressure to a 
residual oil. The oil is subjected to column chromatography on silica gel, 

30 using methylene chloride as the eluant. The product-containing fractions are 
combined and concentrated under reduced pressure, yielding 15.0 grams of 
5-hydroxy-5-(4-chIorophenyl)hexanenitrile. The NMR spectrum is consistent 
with the proposed structure. 

35 Step B Synthesis of a mixture of 5-(4-chlorophenyl)-4-hexenenitrile and 5- 

(4-chlorophenyl)-5-hexenenitrile as intermediates 



WO 98/20878 



PCTYUS96/17748 



- 12- 

ln a reaction vessel fitted with a Dean-Stark trap to collect the water by- 
product, and under a nitrogen atmosphere, a stirred solution of 15.0 grams 
(0.067 mole) of 5-hydroxy-5-(4-chlorophenyl)hexanenitrile and 0.5 gram 
(catalyst) of p-toluenesulfonic acid in 200 mL of toluene is heated at reflux for 

5 about five hours. After this time the reaction mixture is allowed to cool to 
ambient temperature as it stirred for about 18 hours. The reaction mixture is 
then concentrated under reduced pressure to a residual oil. The oil is 
subjected to column chromatography on silica gel, using 1 :1 methylene 
chloride/petroleum ether as the eluant. The product-containing fractions are 

10 combined and concentrated under reduced pressure, yielding 2.6 grams of a 
mixture 5-(4-chlorophenyl)-4-hexenenitrile and 5-(4-chlorophenyl)-5- 
hexenenitrile. The NMR spectrum is consistent with the proposed structures. 
This reaction is repeated. 

1 5 Step C Synthesis of a mixture of 3-cyano-2-oxo-6-(4-chlorophenyl)-5- 

heptene and 3-cyano-2-oxo-6-(4-chIorophenyl)-6-heptene as 

intermediates 

Under a nitrogen atmosphere, a stirred solution of 5.4 grams (0.026 
20 mole) of a mixture 5-(4-chlorophenyl)-4-hexenenitrile and 5-(4-chlorophenyl)- 
5-hexenenitrile in 75 mL of tetrahydrofuran is cooled to about -80 °C, and 
1 1.6 mL (0.029 mole) of n-butyllithium (2.5 molar in hexanes) is added 
dropwise while maintaining the reaction mixture temperature below -80 °C. 
Upon completion of addition, the reaction mixture is stirred at -80 °C for one 

25 hour. After this time a solution of 3.9 mL (0.039 mole) of ethyl acetate in 75 
mL of tetrahydrofuran is added.dropwise while maintaining the reaction 
mixture temperature below -80 °C. Upon completion of addition, the reaction 
mixture is allowed to warm to ambient temperature as it stirred for about 18 
hours. After this time the reaction mixture is poured into 200 mL of water and 

30 made acidic with aqueous 2N hydrochloric acid. The mixture is then 

extracted with two 200 mL portions of diethyl ether. The combined extracts 
are dried with magnesium suifate and filtered. The filtrate is concentrated 
under reduced pressure, yielding 6.5 grams of a mixture of 3-cyano-2-oxo-6- 
(4-chlorophenyl)-5-heptene and 3-cyano-2-oxo-6-(4-chlorophenyl)-6-heptene. 

35 The NMR spectrum is consistent with the proposed structures. 
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Step D Synthesis of a mixture of 3-cyano-2-pentoxy-6-(4-chlorophenyl)- 

2,5-heptadiene and 3-cyano-2-pentoxy-6-(4-chlo'rophenyl)-2,6- 
heptadiene as intermediates 

5 In a reaction vessel fitted with a Dean-Stark trap to collect the water by 

product, and under a nitrogen atmosphere, a stirred solution of 6.5 grams 
(0.026 mole) of a mixture of 3-cyano-2-oxo-6-(4-chlorophenyl)-5-heptene and 
3-cyano-2-oxo-6-(4-chiorophenyi)-6-heptene, 10 mL (0.091 mole) of 1- 
pentanol, and 0.5 gram of p-toluenesulfonic acid in 1 00 mL of toluene is 

1 0 heated at reflux for about 21 hours. After this time the reaction mixture is 

concentrated under reduced pressure to a residual oil. The oil is subjected to 
column chromatography on silica gel, using methylene chloride as the eluant. 
The product-containing fractions are combined and concentrated under 
reduced pressure, yielding 7.2 grams of a mixture of 3-cyano-2-pentoxy-6-(4- 

1 5 chlorophenyl)-2,5-heptadiene and 3-cyano-2-pentoxy-6-(4-chlorophenyl)-2,6- 
heptadiene. The NMR spectrum is consistent with the proposed structures. 

Step E Synthesis of frans-2,4-diamino-6-methyl-5-[3-(4-chlorophenyl)-1- 

butenyl]pyrimidine (Compound 7) and frans-2,4-diamino-6-methyl- 
20 5-[3-(4-chlorophenyl)-2-butenyl]pyrimidine (Compound 34) 

A solution of 3.8 grams (0.039 mole) of guanidine hydrochloride in 40 
mL of ethanol is stirred, and 2.3 grams (0.039 mole) of sodium methoxide is 
added in one portion. Upon completion of addition, the reaction mixture is 

25 stirred at ambient temperature for one hour. After this time the reaction 

mixture is concentrated under reduced pressure to a residual solid. The solid 
is then taken up in 20 mL of N,N-dimethyiacetamide, and 3.6 grams (0.01 1 
mole) of a mixture of 3-cyano-2-pentoxy-6-(4-chlorophenyl)-2,5-heptadiene 
and 3-cyano-2-pentoxy-6-(4-chlorophenyl)-2,6-heptadiene is added. Under a 

30 nitrogen atmosphere, the reaction mixture is then warmed to 1 50 °C where it 
is stirred for 24 hours. After this time the reaction mixture is allowed to cool 
to ambient temperature where it is stirred for about 60 hours. The reaction 
mixture is then concentrated under reduced pressure to a residue. The 
residue is stirred with a mixture of methylene chloride and methanol and 

35 allowed to stand for about 24 hours. The resultant off-white solid is collected 
by filtration. An NMR spectrum of the solid indicates that it is predominantly 



WO 98/20878 



PCT/US96/17748 



- 14- 

the 2-butene derivative. The solid is adsorbed onto sodium sulfate and 
subjected to column chromatography on silica gel, using 10% methanol in 
methylene chloride as the eluant. The product-containing fractions are 
combined and concentrated under reduced pressure, yielding 0.4 gram of 

5 frans-2,4-diamino-6-methyl-5-[3-(4-chlorophenyl)-2-butenyl]pyrimidine 
(Compound 34). The NMR spectrum is consistent with the proposed 
structure. A 0.2 gram sample of crude frans-2,4-diamino-6-methyl-5-[3-(4- 
chlorophenyl)-1-butenyl]pyrimidine isolated from a previous reaction is 
combined with the methanol-methylene chloride filtrate from above. The 

10 mixture is subjected to column chromatography on silica gel, using 10% 
methanol in methylene chloride as the eluant. The product-containing 
fractions are combined and concentrated under reduced pressure, yielding 
0.3 gram of frans-2,4-diamino-6-methyl-5-[3-(4-chlorophenyl)-1- 
butenyl]pyrimidine, mp 158-1 65°C. (Compound 7). The NMR spectrum is 

1 5 consistent with the proposed structure. 

EXAMPLE 2 

SYNTHESIS OF 2,4-DlAMiNO-6-METHYL-5-[3-(2,5-DICHLOROPHENYL)- 

2-BUTENYL]PYRIMIDINE (COMPOUND 35) 

20 

Step A Synthesis of 3-hydroxy-3-(2,5-dichlorophenyl)-1 -butene as an 

intermediate 

Under a nitrogen atmosphere, a stirred solution of 6.9 grams (0.053 
25 mole) of vinylmagnesium bromide in 50 mL of tetrahydrofuran is cooled to 1 0- 
15 °C, and 10.0 grams (0.053 mole) of 2,5-dichloroacetophenone is added 
dropwise during a 20 minute period. Upon completion of addition the 
reaction mixture temperature is maintained at 10-15 °C for two hours. After 
this time the reaction mixture is poured into 100 mL of cold aqueous 10 % 
30 hydrochloric acid solution. The mixture is shaken with 100 mL of diethyl 
ether, and the organic layer is separated. The aqueous layer is extracted 
with two 50 mL portions of diethyl ether. The combined organic layers are 
washed with one 50 mL portion of aqueous 5 % hydrochloric acid solution 
and then with two 30 mL portions of an aqueous solution saturated with 
35 sodium chloride. The organic layer is dried with magnesium sulfate and 
filtered. The filtrate is concentrated under reduced pressure, yielding 12.3 
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grams of 3-hydroxy-3-(2,5-dichlorophenyl)-1-butene . The NMR spectrum is 
consistent with the proposed structure. 

Step B Synthesis of 1-chloro-3-(2,5-dichlorophenyl)-2-butene as an 

5 intermediate 

Under a nitrogen atmosphere, a stirred solution of 12.0 grams (0.056 
mole) of 3-hydroxy-3-(2,5-dichlorophenyl)-1-butene and 4.7 grams (0.056 
mole) of pyridine in 85 mL of methylene chloride is cooled in an ice-water 
bath, and 6.6 grams (0.056 mole) of thionyl chloride is added dropwise. 

1 0 Upon completion of addition, the reaction mixture is stirred for about one 
hour. After this time the reaction mixture is diluted with 50 mL of methylene 
chloride and about 50 grams of ice. The mixture is stirred until the ice melts, 
and then the organic layer is separated. The organic layer is washed in turn 
with two 50 mL portions of an aqueous 0.5M solution of hydrochloric acid, 

15 two 50 mL portions of an aqueous solution saturated with sodium 

bicarbonate, two 50 mL portions of water, and two 50 mL portions of an 
aqueous solution saturated with sodium chloride. The organic layer is then 
dried with magnesium sulfate and filtered. The filtrate is concentrated under 
reduced pressure, yielding 5.5 grams of 1-chloro-3-(2,5-dichlorophenyl)-2- 

20 butene. The NMR spectrum is consistent with the proposed structure. 

Step C Synthesis of ethyl 2-methyicarbonyl»5-(2,5-dichlorophenyl)-4- 

hexenoate as an intermediate 

25 Under a nitrogen atmosphere, a mixture of 0.8 gram (0.021 mole) of 

sodium hydride (60% in mineral oil) in 40 mL of ethanol is stirred for about 15 
minutes, and a solution of 2.8 grams (0.021 mole) of ethyl acetoacetate in 5 
mL of ethanol is added dropwise. Upon completion of addition, the reaction 
mixture is stirred at ambient temperature for one hour. After this time a 

30 solution of 5.0 grams (0.021 mole) of 1-chloro-3-(2,5-dichIorophenyl)-2- 

butene in 10 mL of ethanol is added dropwise. Upon completion of addition, 
the reaction mixture is stirred at ambient temperature for about 18 hours. 
The reaction mixture is then concentrated under reduced pressure to a 
residue, the residue is stirred with 50 mL of an aqueous 1 0% acetic acid 

35 solution and then is extracted with two 30 mL portions of diethyl ether. The 
combined extracts are washed with an aqueous solution saturated with 
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sodium chloride. The organic layer is dried with magnesium sulfate and 
filtered. The filtrate is concentrated under reduced pressure to a residue. 
The residue is subjected to column chromatography on silica gel, using 
petroleum ether as the eluant. The product-containing fractions are com- 
5 bined and concentrated under reduced pressure, yielding 5.2 grams of ethyl 
2-methylcarbonyl-5-(2,5-dichlorophenyl)-4-hexenoate. The NMR spectrum is 

consistent with the proposed structure. 

Step D Synthesis of 2-amino-4-hydroxy-6-methyl-5-[3-(2,5-dichlorophenyl)- 
10 2-butenyl]pyrimidine as an intermediate 

Under a nitrogen atmosphere, a solution of 5.0 grams (0.015 mole) of 
ethyl 2-methylcarbonyl-5-(2,5-dichlorophenyl)-4-hexenoate in 70 mL of 
ethanol is stirred, and 3.1 grams (0.032 mole) of guanidine hydrochloride is 

1 5 added. To this is then added dropwise a mixture of 1 .5 grams (0.038 mole) 
of sodium hydride (60% in mineral oil) in 30 mL of ethanol. Upon completion 
of addition, the reaction mixture is warmed to reflux where it is stirred for 
about 18 hours. After this time the reaction mixture is cooled and 
concentrated under reduced pressure to a residual oil. The oil is stirred with 

20 40 mL of aqueous 1 0% acetic acid, and the acid wash is decanted from the 
oil. This is repeated with an additional 40 mL of aqueous 10% acetic acid, 
and then with two 30 mL portions of water. The oil is dissolved in hot ethanol 
and the solution is placed in a refrigerator. The resultant solid is collected by 
filtration, yielding 4.7 grams of 2-amino-4-hydroxy-6-methyl-5-[3-(2,5- 

25 dichlorophenyl)-2-butenyl]pyrimidine, mp >250 °C. The NMR spectrum is 
consistent with the proposed structure. 

Step E Synthesis of 2-amino-4-chloro-6-methyl-5-[3-(2,5-dichlorophenyl)- 

2-butenyl]pyrimidine as an intermediate 

30 

Under a nitrogen atmosphere, a stirred solution of 2.0 grams (0.006 
mole) of 2-amino-4-hydroxy-6-methyl-5-[3-(2,5-dichlorophenyl)-2-butenyl]- 
pyrimidine, 16.5 grams (0.107 mole) of phosphorus oxychloride, and 1.5 
grams (0.007 mole) of phosphorus pentachloride is heated at reflux for about 
35 1 8 hours. After this time the reaction mixture is slowly pipetted into wet ice 
during a 20 minute period. The mixture is then stirred until the ice melted, 



WO 98/20878 



PCT/US96/17748 



-17- 

and the resultant solid is collected by filtration. The solid is dissolved in 
methylene chloride, and the solution is dried with magnesium sulfate. The 
mixture is filtered and the filtrate is concentrated under reduced pressure, 
yielding 2.0 grams of 2-amino-4-chloro-6-methyl-5-[3-(2,5-dichlorophenyl)-2- 
5 butenyl]pyrimidine; mp 97-1 00 °C. The NMR spectrum is consistent with the 
proposed structure. 

Step F Synthesis of 5-amino-7-methyI-8-[3-(2,5-dichiorophenyl)-2- 

butenyl]tetrazolo[1,5-c]pyrimidine as an intermediate 

10 

Under a nitrogen atmosphere, a solution of 2.0 grams (0.006 mole) of 2- 
amino-4-chloro-6-methyl-5-[3-(2,5-dichlorophenyl)-2-butenyl]pyrimidine, 0.4 
gram (0.006 mole) of sodium azide, and 0.3 gram (0.006 mole) of ammonium 
chloride in 15 mL of dimethyl sulfoxide is stirred at ambient temperature for 

1 5 about 1 8 hours. After this time the reaction mixture is poured into ice-water. 
The mixture is stirred until the ice melted, and the resultant solid is collected 
by filtration. The solid is dissolved in methylene chloride, and the solution is 
dried with magnesium sulfate. The mixture is filtered, and the filtrate is 
concentrated under reduced pressure to a residual solid. The solid is recryst- 

20 allized from methylene chloride/petroleum ether, yielding 1.8 grams of 5- 
amino-7-methyl-8-[3-(2,5-dichlorophenyl)-2-butenyl]tetrazolo[1,5-c]- 
pyrimidine. The NMR spectrum is consistent with the proposed structure. 

Step G Synthesis of 2,4-diamino-6-methyl-5-[3-(2,5-<iichlorophenyl)-2- 
25 butenyl]pyrimidine (Compound 35) 

Zinc is activated by treating 2.5 grams (excess) of it with aqueous 10% 
hydrochloric acid for two minutes. The activated zinc is collected by filtration, 
washed with water then acetone, and dried in a vacuum oven for one hour. A 

30 solution of 1 .5 grams (0.004 mole) of 5-amino-7-methyl-8-[3-(2,5-dichloro- 
phenyI)-2-butenyi]tetrazolo[1,5-c]pyrimidine in 35 mL of acetic acid is stirred, 
and the activated zinc is added portionwise during a 20 minute period. Upon 
completion of addition, the reaction mixture is warmed to about 80 °C where 
it is stirred for about 1 8 hours. Afterthis time, the reaction mixture is stirred 

35 with 50 mL of water. The mixture is then extracted with three 30 mL portions 
of methylene chloride. The combined extracts are washed with two 10 mL 
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portions ofan aqueous solution saturated with sodium bicarbonate. The 
organic layer is dried with magnesium sulfate and filtered. The filtrate is 
concentrated under reduced pressure to a residue. The residue is subjected 
to column chromatography on silica gel, using 15% methanol in methylene 
5 chloride as the eluant. The product-containing fractions are combined and 
concentrated under reduced pressure, yielding 0.4 gram of 2 f 4-diamino-6- 
methyl-5-[3-(2,5-dichiorophenyl)-2-butenyl]pyrimidine; mp 172-174 °C. The 
NMR spectrum is consistent with the proposed structure. 

10 E XAMP LE 3 

SYNTHESIS OF 2,4-DlAMlNO-6-METHYL-5-(3-PHENYL-1- 
PROPYNYL)PYRIMIDINE (COMPOUND 39) 

Step A Synthesis of 2,4-diamino-6-methylpyrimidine as an intermediate 

15 

A mixture of 50.0 grams (0.348 mole) of 2-amino-4-chloro-6-methyl- 
pyrimidine (commercially available) and 100 mL of aqueous 30% ammonia in 
400 mL of methanol is placed in a high pressure vessel and heated to 130- 
165°C under a pressure of 140-250 psig, where it is stirred for 13 hours. 

20 After this time, the reaction mixture is allowed to cool to ambient temperature. 
The reaction vessel is then opened and the reaction mixture is removed. The 
reaction vessel is washed with 200 mL of methanol, and the wash is 
combined with the reaction mixture. The combination is concentrated under 
reduced pressure to a residual solid. The solid is then stirred for 2 hours at 

25 ambient temperature with 1 00 mL of aqueous 30% ammonia. The mixture is 
cooled to 0°C, and the solid is collected by filtration. The solid is dried, 
yielding 40.8 grams of 2,4-diamino-6-methylpyrimidine. The NMR spectrum 
is consistent with the proposed structure. 

30 Step B Synthesis of 2,4-diamino-5-iodo-6-methyipyrimidine as an 

intermediate 

A solution of 8.0 grams (0.064 mole) of 2,4-diamino-6-methylpyrimidine 
in 30 mL of glacial acetic acid is stirred, and a solution of 13.5 grams (0.083 
35 mole) of iodine monochloride in 20 mL of glacial acetic acid is added drop- 
wise during a 5 minute period. Upon completion of addition, the reaction 
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mixture is stirred at ambient temperature for about 18 hours. After this time 
the reaction mixture is diluted with 1 00 mL of water and then is made basic 
with 10% aqueous sodium hydroxide. The mixture is then extracted with 
three 75 mL portions of ethyl acetate. The combined extracts are washed 
5 with one 75 mL portion of an aqueous solution saturated with sodium 
chloride. The organic layer is dried with sodium sulfate and filtered. The 
filtrate is concentrated under reduced pressure, yielding 1 1 .7 grams of 2,4- 
diamino-5-iodo-6-methyIpyrirnidine. The NMR spectrum is consistent with 
the proposed structure. 

10 

Step C Synthesis of 2,4-diamino-6-methyl-5-(3-phenyl-1 -propynyl)- 

pyrimidine (Compound 39) 

A reaction vessel containing 0.8 gram (0.0032 mole) of 2,4-diamino-5- 

1 5 iodo-6-methylpyrimidine, 0.5 mL (0.0042 mole) of 3-phenyl-1 -propyne, 0.2 
gram (catalyst) of bis(triphenylphosphine)paIladium(ll) chloride, 0.05 gram 
(catalyst) of copper iodide, and 8 mL of triethylamine is evacuated and refilled 
with dry nitrogen gas three times. The reaction mixture is then stirred at 
ambient temperature for about 60 hours. After this time, the reaction mixture 

20 is diluted with 1 00 mL of water. The mixture is then extracted with three 75 
mL portions of ethyl acetate. The combined extracts are washed with three 
75 mL portions of an aqueous 5% lithium chloride solution. The organic layer 
is dried with sodium sulfate and filtered. The filtrate is concentrated under 
reduced pressure to a residue. The residue is subjected to column chroma- 

25 tography on silica gel, using 5-1 5% methanol methylene chloride mixtures as 
eluants. The appropriate product-containing fractions are combined and 
concentrated under reduced pressure, yielding 0.3 gram of 2,4-diamino-6- 
methyl-5-(3-phenyl-1-propynyl)pyrimidine. The NMR spectrum is consistent 
with the proposed structure. Other fractions containing less pure product are 

30 combined and concentrated under reduced pressure to a residue. This 
residue is subjected to column chromatography on neutral alumina, using 
2.5-10% methanol in methylene chloride mixtures as eluants. The product- 
containing fractions are combined and concentrated under reduced pressure, 
yielding an additional 0.2 gram of 2,4-diamino-6-methyl-5-(3-phenyl-1- 

35 propynyl)pyrimidine. The NMR spectrum is consistent with the proposed 
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structure. The two solids are combined, yielding about 0.5 gram of 2,4- 
diamino-6-methyl-5-(3-phenyl-1-propynyl)pyrimidine, mp 145-149 °C. 

EXAMPLE 4 

5 SYNTHESIS OF 2,4-DIAMINO-6-METHYL-5-[3,3-D!FLUORO-3-(4- 

CHLOROPHENYL)-1-PROPENYL]PYRIMIDINE (COMPOUND 4) 

Step A Synthesis of 2,2-difluoro-2-(4-chlorophenyl)ethanol as an 

intermediate 

10 

Lithium aluminum hydride, 2.4 grams (0.063 mole), is placed in a 
reaction vessel, and 200 mL of diethyl ether is added dropwise with stirring. 
To this is added dropwise a solution of 22.8 grams (0.097 mole) of ethyl 4- 
chlorophenyldifluoroacetate (prepared by methods taught by W.J. Middleton 

15 et al. v J. Org. Chem., (1980), 45, 2883-2887) in 100 mL of diethyl ether, while 
maintaining the reaction mixture temperature at about 25 °C. Upon 
completion of addition, the reaction mixture is stirred at ambient temperature 
for about 36 hours. The reaction is then quenched by the careful dropwise 
addition of an aqueous solution of 10% sodium hydroxide. The reaction 

20 mixture is slowly made acidic with aqueous 2N hydrochloric acid and then is 
diluted with 200 mL of water. The organic layer is separated, and the 
aqueous layer is washed with .two 300 mL portions of diethyl ether. The 
organic layer and the diethyl ether washes are combined and washed with 
one 250 mL portion of an aqueous solution saturated with sodium chloride. 

25 The organic layer is dried with magnesium sulfate and filtered. The filtrate is 
concentrated under reduced pressure, yielding 2,2-difluoro-2-(4- 
chlorophenyl)ethanol. 

Step B Synthesis of difIuoro-4-chlorophenylacetaldehyde as an 
30 intermediate 

A stirring solution of 7.0 grams (0.055 mole) of oxalyl chloride in 125 mL 
of methylene chloride is cooled to -60 °C, and a solution of 9.5 grams (0.120 
mole) of dimethyl sulfoxide in 25 mL of methylene chloride is added dropwise 
35 during a five minute period. Upon completion of addition, the reaction 

mixture is stirred at -60 °C for about 10 minutes, and then a solution of 9.6 
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grams (0.050 mole) of 2,2-difiuoro-2-(4-chlorophenyI)ethanol in 25 mL of 
methylene chloride is added dropwise during a five minute period. Upon 
completion of addition, the reaction mixture is stirred for 15 minutes, and 25.5 
grams (0.250 mole) of triethylamine is added while maintaining the reaction 

5 mixture temperature at -60 °C. Upon completion of addition, the reaction 
mixture is allowed to warm to ambient temperature, and 1 50 mL of water is 
added. The mixture is stirred for 10 minutes, and the organic layer is 
separated. The aqueous layer is washed with 1 00 mL of methylene chloride. 
The methylene chloride wash and the organic layer are combined, and the 

10 combination is washed with 100 mL of water and then with 100 mL of an 

aqueous solution saturated with sodium chloride. The organic layer is dried 
with magnesium sulfate and filtered. The filtrate is concentrated under 
reduced pressure, yielding difIuoro-4-chIorophenylacetaldehyde. 



1 5 NOTE: The procedure to prepare difIuoro-4-chIorophenylacetaIdehyde as 
shown in Step B above is disclosed by D. Swern et al., Tetrahedron, 
(1978), 34, 1651-1660. 

Step C Synthesis of 1 ,1-difluoro-1-(4-chlorophenyl)-3-iodo-2-propene as 
20 an intermediate 

Under a nitrogen atmosphere, a stirred suspension of 29.5 grams (0.24 
mole) of anhydrous chromium(ll) dichloride in 400 mL of tetrahydrofuran is 
cooled to 0 °C, and a solution of 7.6 grams (0.04 mole) of difluoro-4-chloro- 

25 phenylacetaldehyde and 31 .5 grams (0.08 mole) of iodoform in 200 mL of 
tetrahydrofuran is added dropwise. Upon completion of addition, the reaction 
mixture is stirred at 0 °C for three hours. After this time the reaction mixture 
is poured into about 1200 mL of water, and the mixture is extracted with three 
150 mL portions of diethyl ether. The combined extracts are dried with 

30 sodium sulfate and filtered. The filtrate is concentrated under reduced 
pressure, yielding 1 ,1-difluoro-1-(4-chiorophenyl)-3-iodo-2-propene. 



NOTE: The procedure to prepare 1 ,1-difIuoro-1-(4-chlorophenyi)-3-iodo-2- 
propene as shown in Step C above is disclosed by K. Takai et al., JACS, 

35 (1986), 108, 7408. 
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Step D Synthesis of 1 ( 1-difIuoro-1-(4-chlorophenyl)-3-tributylstannyl-2- 

propene as an intermediate 

Under a nitrogen atmosphere, a stirred mixture of 9.8 grams (0.030 
5 mole) of hexabutylditin, 7.9 grams (0.025 mole) of 1,1-difiuoro-1-(4-chloro- 
phenyl)-3-iodo-2-propene, and 0.3 gram of tetrakis(triphenylphosphine)- 
palladium(O) in 50 mL of toluene is heated at reflux for about five hours. After 
this time the reaction mixture is cooled and filtered. The filtrate is 
concentrated under reduced pressure to a residue. The residue is dissolved 
10 in diethyl ether and washed several times with water. The organic layer is 
dried with magnesium sulfate and filtered. The filtrate is concentrated under 
reduced pressure, yielding 1J-difluoro-1-(4-chlorophenyl)-3-tributylstannyl-2- 
propene 



1 5 NOTE: The procedure to prepare 1 ,1 -difluoro-1 -(4-chlorophenyl)-3-tributyl- 
stannyl-2-propene as shown in Step D above is disclosed by H. Azizian et al., 
J. OrganometallicChem., (1981), 21 5, 49-58. 

Step E Synthesis of 2,4-diamino-6-methyl-5-[3,3-difluoro-3-(4-chloro- 
20 phenyl)-1-propenyl]pyrimidine (Compound 4) 

A mixture of 0.04 gram (catalyst) of tri-2-furylphosphine and 0.04 gram 
(catalyst) of tris(dibenzylidineacetone)dipalladium(0) in 30 mL of N,N- 
dimethylformamide is purged with dry nitrogen gas and stirred at ambient 

25 temperature for five minutes. After this time 1 .2 grams (0.0048 mole) of 2,4- 
diamino-5-iodo-6-methy!pyrimidine (prepared in Step B of Example 3) is 
added in one portion. The reaction vessel is then immersed in an oil bath 
that is preheated to 60 °C where it is maintained for about five minutes. After 
this time, 3.1 grams (0.0064 mole) of 1 ,1 -difluoro-1 -(4-chlorophenyl)-3- 

30 tributylstannyl-2-propene is added in one portion to the reaction mixture. The 
reaction mixture is again purged with dry nitrogen gas, and the oil bath 
temperature is brought to 80-85 °C where it is maintained for about 18 hours. 
After this time the reaction mixture is diluted with 200 mL of water and 
extracted with two 200 mL portions of ethyl acetate. The combined extracts 

35 are then washed with three 1 00 mL portions of an aqueous solution of 5% 

lithium chloride. The organic layer is concentrated under reduced pressure to 
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a residue.- The residue is purified by column chromatography, yielding 2,4- 
diamino-6-methyl-5-[3,3-difluoro-3-(4-chlorophenyl)-1-propenyl]pyrimidine. 



NOTE: The procedure to prepare 2,4-diamino-6-methyl-5-[3,3-difluoro-3-(4- 
5 chlorophenyl)-1-propenyl]pyrimidine as shown in Step E above is disclosed 
by V. Farina et al., JACS, (1991), 113, 9585-9595. 

EXAMPLE 5 

SYNTHESIS OF 2,4-DIAMINO-6-METHYL-5-[3-(4-CHLORO- 
1 0 PHENYL)-3-OXO-1-PROPENYL]PYRIMIDINE (COMPOUND 27) 

Step A Synthesis of 1 -oxo-1 -(4-chlorophenyl)-3-iodo-2-propene as an 

intermediate 

1 5 This compound is prepared in a manner analogous to that of Step C of 

Example 4, using 6.7 grams (0.04 mole) of 4-chlorophenylglyoxal (prepared 
by the method of Kornblum et al., JACS, (1957), 79, 6562), 29.5 grams (0.24 
mole) of anhydrous chromium(ll) dichioride, and 31.5 grams (0.08 mole) of 
iodoform in 600 ml_ of tetrahydrofuran, yielding 1 -oxo-1 -(4-chIorophenyl)-3- 

20 iodo-2-propene. 

Step B Synthesis of 1 -oxo-1 -(4-chlorophenyl)-3-tributylstannyl-2-propene 

as an intermediate 

25 This compound is prepared in a manner analogous to that of Step D of 

Example 4, using 9.8 grams (0.030 mole) of hexabutylditin, 7.3 grams (0.025 
mole) of 1 -oxo-1 -(4-chlorophenyl)r3-iodo-2-propene, and 0.3 gram (catalyst) 
of tetrakis(triphenylphosphine)palladium(0) in 50 mLof toluene, yielding 1- 
oxo-1 -(4-chIorophenyl)-3-tributylstannyl-2-propene. 

30 

Step C Synthesis of 2,4-diamino-6-methyl-5-[3-(4-chlorophenyl)-3-oxo-1 - 

propenyl]pyrimidine (Compound 27) 

This compound is prepared in a manner analogous to that of Step E of 
35 Example 4, using 2.9 grams of (0.0064 mole) of 1 -oxo-1 -(4-chlorophenyl)-3- 
tributylstannyl-2-propene, 1.2 grams (0.0048 mole) of 2,4-diamino-5-iodo-6- 
methyipyrimidine (prepared in Step B of Example 3), 0.04 gram of tri-2-furyl- 
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phosphine'and 0.04 gram (catalyst) of tris(dibenzylidineacetone)dipallad- 
ium(0) in 30 mL of N,N-dimethylformamide, yielding 2,4-diamino-6-methyl-5- 
[3-(4-chlorophenyl)-3-oxo-1-propenyl]pyrimidine. 

5 EXAMPLE 6 

SYNTHESIS OF 2,4-DIAMINO-6-METHYL-5-[3-(4-FLUORO 
PHENYL)-3-METHYL-1-BUTENYL]PYRIMlDINE (COMPOUND 66) 

Step A Synthesis of 3-(4-fluorophenyl)-3-methylbutyraldehyde as an 
10 intermediate 

Under a nitrogen atmosphere, a stirring solution of 66.6 grams (0.334 
mole) of 4-fluorophenylmagnesium bromide (1 M in diethyl ether) is cooled to 
-10 °C, and 2.2 grams (0.015 mole) of copper(l) bromide is added in one 

1 5 portion. Upon completion of addition, a solution of 25.0 grams (0.297 mole) 
of 3-methyI-2-butenal in 20 mL of tetrahydrofuran is added dropwise at a rate 
to maintain the reaction mixture temperature at about 5 °C. The complete 
addition requires about one hour. Upon completion of addition, the reaction 
mixture is stirred for one additional hour and then is stored in a refrigerator for 

20 about 1 8 hours. After this time the reaction mixture is poured into 500 mL of 
aqueous ammonium chloride and extracted with four portions of diethyl ether. 
The combined extracts are concentrated under reduced pressure to a 
residue. The residue is subjected to column chromatography on silica gel, 
using methylene chloride as the eluant. The product-containing fractions are 

25 combined and concentrated under reduced pressure to a residue. The 

residue is subjected to a second column chromatography on silica gel, using 
100% petroleum ether and combinations of methylene chloride in petroleum 
ether. The product-containing fractions are combined and concentrated 
under reduced pressure, yielding about 23.0 grams of 3-(4-fluorophenyl)-3- 

30 methylbutyraldehyde. The NMR spectrum is consistent with the proposed 
structure. 

Step B Synthesis of 3-(4-fluorophenyl)-3-methyl-1 -tributylstannylbutanol as 

an intermediate 
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A stirring solution of 10.8 mL (0.077 mole) of diisopropylamine in 100 
mL of tetrahydrofuran is cooled to 0 °C, and 30.8 mL (0.077 mole) of n-butyl- 
lithium (2.5M in hexanes) is added dropwise. Upon completion of the 
addition, the reaction mixture is stirred for about 10 minutes, then 22.3 grams 

5 (0.077 mole) of tributyltin hydride is added dropwise at a rate to maintain the 
reaction mixture temperature at about 0 °C. The reaction mixture is then 
stirred for about 1 5 minutes. After this time the reaction mixture is cooled to 
-78 °C, and a solution of 13.8 grams (0.077 mole) of 3-(4-fluorophenyl)-3- 
methylbutyratdehyde in about 15 mL of tetrahydrofuran is added dropwise 

10 during a 30 minute period. Upon completion of addition, the reaction mixture 
is stirred at -78 °C for ten minutes. After this time the reaction mixture is 
quenched by the dropwise addition of 300 mL of aqueous 10% ammonium 
chloride. The mixture is then extracted with two 200 mL portions of diethyl 
ether. The combined extracts were dried with magnesium sulfate and 

1 5 filtered. The filtrate is concentrated under reduced pressure, at a 

temperature of less than 30 °C, yielding 36.3 grams of 3-(4-fluorophenyl)-3- 
methyl-1-tributylstannylbutanol. The NMR spectrum is consistent with the 
proposed structure. 

20 Step C Synthesis of 3-(4-fIuorophenyi)-3-methyl-1-iodo-1- 

tributylstannylbutane as an intermediate 

A solution of 30.4 grams (0.1 16 mole) of triphenylphosphine in about 
1 16 mL of methylene chloride is stirred, and 7.9 grams (0.1 16 mole) of 

25 imidazole is added. Upon completion of addition, the reaction mixture is 
stirred about one hour until the imidazole dissolves, then 29.4 grams (0.1 16 
mole) iodine is added portionwise.. After the iodine dissolves, the reaction 
mixture is cooled to 0 °C, and a solution of 36.3 grams (0,077 mole) of 3-(4- 
fluorophenyl)-3-methyl-1-tributylstannylbutanol.in about 77 mL of methylene 

30 chloride is added dropwise, while maintaining the reaction mixture tempera- 
ture below.O °C. Upon completion of addition, the reaction mixture is allowed 
to warm to ambient temperature where it is stirred for about 18 hours. The 
reaction mixture is then taken up in about 500 mL of acetonitriie and 
extracted with three 300 mL portions of hexane. The combined extracts are 

35 concentrated under reduced pressure to a residue. The residue is subjected 
to column chromatography on silica gel, using petroleum ether as the eluant. 
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The product-containing fractions are combined and concentrated under 
reduced pressure, yielding 17.8 grams of 3-(4-fluorophenyl)-3-methyl-1-iodo- 
1-tributylstannylbutane. The NMR spectrum is consistent with the proposed 
structure. 

5 

Step D Synthesis of 3-(4-fIuorophenyl)-3-methyI-1 -tributylstannyl-1 -butene 

as an intermediate 

Under a nitrogen atmosphere, a stirred solution of 17.2 grams (0.030 
10 mole) of 3-(4-fIuorophenyl)-3-methyl-1-iodo-1-tributylstannylbutane and 13.7 
grams (0.090 mole) of 1 ,8-diazabicydo[5.4.0]undec-7-ene (DBU) in 100 mL 
of tetrahydrofuran is heated at reflux for about 18 hours. The reaction 
mixture is cooled and poured into about 500 mL of water. The mixture is then 
made acidic with aqueous 2N hydrochloric acid and extracted with three 200 
1 5 mL portions of diethyl ether. The combined extracts are dried with mag- 
nesium sulfate and filtered. The filtrate is concentrated under reduced 
pressure to a residue. The residue is subjected to column chromatography 
on silica gel, using 5% methylene chloride in petroleum ether as the eluant. 
The product-containing fractions are combined and concentrated under 
20 reduced pressure, yielding 12.0 grams of 3-(4-fIuorophenyl)-3-methyl-1- 

tributylstannyl-1 -butene. The NMR spectrum is consistent with the proposed 
structure. 



NOTE: The procedure to prepare 3-(4-fIuorophenyI)-3-methyl-1- 
25 tributylstannyl-1 -butene as shown in Steps B-D above is disclosed by J.M. 
Chong et al. t JOC f (1993), 58, 523-527. 

Step E Synthesis of 2,4-diamino-6-methyl-5-[3-(4-fluorophenyl)-3-methyl- 

1-butenyl]pyrimidine (Compound 66) 

30 

Under a nitrogen atmosphere, a stirring solution of 4.2 grams (0.009 
mole) of 3-(4-fluorophenyl)-3-methyI-1 -tributylstannyl-1 -butene, 1.9 grams 
(0.077 mole) of 2,4-diamino-5-iodo-6-methylpyrimidine (prepared in Step B of 
Example 3), 2.0 grams (0.046 mole) of lithium chloride, 0.4 gram (catalyst) of 
35 bis(triphenyl phosphine)palladium(ll) chloride, and about 0.05 gram (catalyst) 
of 2,6-di-tert-butyl-4-methylphenol in 80 mL of N,N-dimethylformamide is 
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heated at 65 °C for about 2.5 days. After this time the reaction mixture is 
cooled and poured into 500 mL of water. The mixture then is extracted with 
three 100 mL portions of ethyl acetate. The combined extracts are dried with 
magnesium sulfate and filtered. The filtrate is concentrated under reduced 

5 pressure to a residue. The residue is subjected to column chromatography 
on basic alumina (containing 6% water), using 10% methanol in methylene 
chloride as the eluant. The product-containing fractions are combined and 
concentrated under reduced pressure to a residue. NMR analysis of the 
residue indicates an impure product. The residue is subjected to column 

10 chromatography on silica gel, using 10% methanol in methylene chloride as 
the eluant. The product-containing fractions are combined and concentrated 
under reduced pressure, yielding about 0.6 gram of 2,4-diamino-6-methyl-5- 
[3-(4-fluorophenyl)-3-methyl-1-butenyl]pyrimidine, mp 164-168°C. (Com- 
pound 66). The NMR spectrum is consistent with the proposed structure. 

15 

EXAMPLE 7 

SYNTHESIS OF 2-ETHYLAMINO-4-AMINO-6-METHYL-5-[3-(4- 
CHLOROPHENYL)-1-BUTENYL]PYRIMIDINE (COMPOUND 47) AND 2- 
ETHYLAMINO-4-AMINO-6-METHYL-5-[3-(4-CHLOROPHENYL)-2- 
20 BUTENYL]PYRIMIDINE 

These compounds are prepared in a manner analogous to that of Step 
E of Example 1, using 4.8 grams (0.039 mole) of 1-ethylguanidine hydro- 
chloride, 3.6 grams (0.01 1 mole) of a mixture of 3-cyano-2-pentoxy-6-(4- 

25 chlorophenyl)-2,5-heptadiene and 3-cyano-2-pentoxy-6-(4-chlorophenyl)-2,6- 
heptadiene (prepared in Steps A-D of Example 1), 2.3 grams (0.039 mole) of 
sodium methoxide, 20 mL of N,N-dimethylacetamide, and 40 mL of ethanol. 
The crude reaction product is subjected to column chromatography, yielding 
the separated isomers, 2-ethylamino-4-amino-6-methyl-5-[3-(4-chlorophenyl)- 

30 1-butenyl]pyrimidine (Compound 47) and 2-ethylamino-4-amino-6-methyl-5- 
[3-(4-chlorophenyl)-2-butenyl]pyrimidine. 

. EXAMPLE 8 

SYNTHESIS OF frans-2,4-DI(1-METHYLETHYLCARBONYLAMINO)-6- 
35 METHYL-5-[3-(4-CHLOROPHENYL)-1 -BUTENYL]PYRIMIDINE 

(COMPOUND 54) 
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A stirred mixture of 0.24 gram (0.001 mole) of rra/7S-2,4-diamino-6- 
methyl-5-[3-(4-chlorophenyl)-1-butenyl]pyrimidine (Compound 7) and 0.01 
gram of 4-dimethylaminopyridine in 5 mL of isobutyric anhydride is heated at 
reflux for about two hours. The mixture is cooled and poured into about 30 
5 mL of water. The mixture is extracted with several portions of ethyl acetate. 
The combined extracts are washed with water and then dried with 
magnesium sulfate. The mixture is filtered, and the filtrate is concentrated 
under reduced pressure, yielding frans-2,4-di(1-methylethylcarbonylamino)-6- 
methyl-5-[3-(4-chlorophenyl)-1-butenyl]pyrimidine. 

10 

. EXAMPLE 9 
SYNTHESIS OF 2,4-DIAMINO-6-METHYL-5-[3-(4-CHLORO- 
PHENYL)-3-OXO-1-PROPYNYL]PYRlMIDINE (COMPOUND 46) 

1 5 This compound is prepared in a manner analogous to that of Step C of 

Example 3, using 0.8 gram (0.0032 mole) of 2,4-diamino-5-iodo-6-methyl- 
pyrimidine, 0.7 gram of (0.0042 mole) of 1-oxo-1-(4-chIorophenyl)-2-propyne 
(prepared by the method of F. Montanari et al., JCS, (1969), 1204-1208), 0.2 
gram of bis(triphenylphosphine)palIadium(II) chloride, 0.05 gram of copper 

20 iodide, and 8 rriL of triethylamine, yielding 2,4-diamino-6-methyl-5-[3-(4- 
chlorophenyl)-3-oxo-1-propynyi]pyrimidine. 

EXAMPLE 10 

SYNTHESIS OF 2,4-DIAMINO-6-METHYL-5-[(4-CHLORO- 
25 PHENYL)DIMETHYLSILYLETHYNYL]PYRIMIDINE (COMPOUND 45) 

This compound is prepared in a manner analogous to that of Step C of 
Example 3, using 0.8 gram (0.0032 mole) of 2 f 4-diamino-5-iodo-6-methyl- 
pyrimidine, 0.8 gram of (0.0042 mole) of ethynyl(4-chlorophenyl)dimethyl- 
30 silane (prepared by the method of M.G. Voronkov et al., Zhurnal Obshchei 
Khimii, (1982), 52, 1824-1828), 0.2 gram of bis(triphenylphosphine)pai- 
ladium(ll) chloride, 0.05 gram of copper iodide, and 8 mL of piperidine, 
yielding 2,4-diamino-6-methyl-5-[(4-chlorophenyl)dimethyIsiIylethynyl]- 
pyrimidine. 

35 
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EXAMPLE 1 1 

SYNTHESIS OF 2,4-D!AMINO-6-METHYL-5-[2-[1-(4-CHLORO- 
PHENYL)-1-CYCLOPENTYL]ETHENYL]PYRIMIDINE (COMPOUND 24) 

5 Step A Synthesis of [1 -(4-chlorophenyl)-1 -cyclopentyl]methanol as an 

intermediate 

This compound is prepared in a manner analogous to that of Step A of 
Example 4, using 2.4 grams (0.063 mole) of lithium aluminum hydride, 21.8 
1 0 grams (0.097 mole) of 1 -(4-chlorophenyl)-1 -cyclopentanecarboxylic acid 
(commercially available) in about 300 mL of diethyl ether, yielding [1-(4- 
chlorophenyl)-1 -cyciopentyl]methanol. 

Step B Synthesis of 1 -(4-chlorophenyl)-1 -cyclopentanecarboxaldehyde as 
15 an intermediate 

This compound is prepared in a manner analogous to that of Step B of 
Example 4, using 7.0 grams (0.055 mole) of oxaiyl chloride, 9.5 grams (0.120 
mole) of dimethyl sulfoxide, 10.5 grams (0.050 mole) of [1-(4-chlorophenyl)-1- 
20 cyclopentyt]methanol, and 25.5 grams (0.250 mole) of triethylamine in 175 
mLof methylene chloride, yielding 1-(4-chlorophenyl)-1 -cyclo- 
pentanecarboxaldehyde. 

Step C Synthesis of 1 -(chlorophenyl)-l -(2-iodoethenyi)cyclopentane as an 
25 intermediate 

This compound is prepared in a manner analogous to that of Step C of 
Example 4, using 29.5 grams (0.24 mole) of anhydrous chromium(ll) 
dichloride, 8.3 grams (0.04 mole) of 1-(4-chIorophenyl)-1-cycIopentane- 
30 carboxaldehyde, and 31.5 grams (0.08 mole) of iodoform in about 600 mL of 
tetrahydrofuran, yielding 1 -(chlorophenyl)-l -(2-iodoethenyi)cyclopentane. 

Step D Synthesis of 1 -<ch!orophenyl)-1 -(2-tributylstannylethenyl)- 

cyclopentane as an intermediate 

35 
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This compound is prepared in a manner analogous to that of Step D of 
Example 4, using 9.8 grams (0.030 mole) of hexabutylditin, 8.1 grams (0.025 
mole) of 1-(chlorophenyl)-1-(2-iodoethenyl)cyclopentane, and 0.3 gram of 
tetrakis(triphenylphosphine)palladium(0) in 50 mL of toluene, yielding 1- 
5 (chlorophenyl)-1-(2-tributylstannylethenyl)cyclopentane. 

Step E Synthesis of 2,4-diamino-6-methyl-5-[2-[1 -(4-chlorophenyl)-1 - 

cyclopentyl]ethenyl]pyrimidine (Compound 24) 

1 0 This compound is prepared in a manner analogous to that of Step E of 

Example 4, using 0.04 gram of tri-2-furylphosphine, 0.04 gram (catalyst) of 
tris(dibenzylidineacetone)dipalladium(0) f 1.2 grams (0.0048 mole) of 2,4- 
diamino-5-iodo-6-methyIpyrimidine , and 3.2 grams (0.0064 mole) of 1-- 
(chlorophenyl)-1-(2-tributylstannylethenyl)cyclopentane in 30 mL of N,N- 

1 5 dimethylformamide, yielding 2,4-diamino-6-methyl-5-[2-[1 -(4-chlorophenyl)-1 - 
cyclopentyl]ethenyl]pyrimidine, mp 163-165°C. (Compound 24). 

E XAMP L E 12 

SYNTHESIS OF 2-ETHYLAMINO-4-METHYLCARBONYLAMINO-6- 
20 METHYL-5-[3-(4-CHLOROPHENYL)-1-BUTENYL]PYRIMIDINE 

(COMPOUND 58) 

This compound is prepared in a manner analogous to that of Example 8, 
using 0.32 gram (0.001 mole) 2-ethylamino-4-amino-6-methyl-5-[3-(4-chioro- 
25 phenyl)-1-butenyl]pyrimidine (Compound 47-prepared in Example 7) and 
0.01 gram (catalyst) of 4-dimethyiaminopyridine in 5 mL of acetic anhydride, 
yielding 2-ethylamino-4-methylcarbonylamino-6-methyl-5-[3-(4-chlorophenyl)- 

1 -butenyl]pyrimidine. 

30 EXAMPLE 13 

SYNTHESIS OF 2,4-D!AMINO-6-METHYL-5-[1-FLUORO-3-METHYL-3-(4- 
CHLOROPHENYL)-1-BUTENYL]PYRIMlDINE (COMPOUND 62) 



35 



Step A Synthesis of 3-(4-chlorophenyl)-3-methylbutyraldehyde as an 

intermediate 
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Undera nitrogen atmosphere, a stirred solution of 21.6 grams (0.10 
mole) of 4-chlorophenyImagnesium bromide (1M in diethyl ether) in 100 mL 
of tetrahydrofuran is cooled to -15 °C, and 0.7 grams (catalyst) of copper(l) 
bromide is added in one portion. Upon completion of addition, 9.7 mL (0.10 

5 mole) of 3-methyl-2-butenaI is added dropwise during a 1 .5 hour period, while 
maintaining the reaction mixture temperature below -10 °C. Upon completion 
of addition, the reaction mixture is allowed to warm to ambient temperature, 
where it is stirred for about 18 hours. The reaction mixture is then poured 
into 300 mL of water and extracted with two 200 mL portions of diethyl ether. 

10 The combined extracts are dried with magnesium sulfate and filtered. The 
filtrate is concentrated under reduced pressure to a residue. The residue is 
subjected to column chromatography on silica gel, using 50% petroleum 
ether in methylene chloride as the eluant. The appropriate product- 
containing fractions are combined and concentrated under reduced pressure, 

1 5 yielding 7.6 grams of 3-(4-chlorophenyl)-3-methylbutyraldehyde. The NMR 
spectrum is consistent with the proposed structure. The reaction is repeated. 

Step B Synthesis of 1 -fluoro-1 -phenylsulfonyl-3-methyl-3-(4-chlorophenyl)- 

1-butene as an intermediate 

20 

Under a nitrogen atmosphere, 25.0 grams (0.14 mole) of distilled 
fluoromethyl phenyl sulfone (prepared by the method of J.R McCarthy et at., 
Org. Syn. 1993, 72, 209), 24.8 grams (0.14 mole) of diethyl chlorophosphate, 
and 300 mL of anhydrous tetrahydrofuran are placed in a reaction vessel. 

25 The stirring mixture is cooled to about -70 °C, and a solution of 310 mL (0.31 
mole) of lithium bis(trimethylsilyl)amide (commercially avaiiable-1M in tetra- 
hydrofuran) is added dropwise during a 15 minute period. Upon completion 
of addition, the reaction mixture is stirred at about -70 °C for one hour. After 
this time a solution of 19.7 grams (0.10 mole) of 3-(4-chlorophenyl)-3- 

30 methylbutyraldehyde in 65 mL of tetrahydrofuran is added via a syringe. 
Upon completion of addition, the reaction mixture is allowed to warm to 
ambient temperature where it is stirred for about two hours. The reaction 
mixture is then poured into an ice-cold mixture of 250 mL of ethyl acetate, 
250 mL of saturated aqueous ammonium chloride, and 30 mL of concen- 

35 trated hydrochloric acid. The organic layer is separated, and the aqueous 
layer is extracted with ethyl acetate. The extract and the organic layer are 
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combined,* washed with 100 mL of saturated aqueous sodium chloride, and 
dried with magnesium sulfate. The mixture is filtered, and the filtrate is 
concentrated under reduced pressure to a residue. The residue is subjected 
to column chromatography on silica gel. The product-containing fractions are 
5 combined and concentrated under reduced pressure, yielding 1-fluoro-1- 
phenylsulfonyI-3-methyl-3-(4-chIorophenyl)-t-butene. 

Step C Synthesis of 1 -fluoro-3-(4-chlorophenyl)-3-methyl-l -tributylstannyl- 

1-butene as an intermediate 

10 

Under a nitrogen atmosphere, a stirring solution of 22.7 grams (0.067 
mole) of 1-fluoro-1-phenylsulfonyl-3-methyl-3-(4-chlorophenyl)-1-butene, 42.0 
grams (0.14 mole) of tributyltin hydride, and 0.5 gram (catalyst) of azobis- 

* 

isobutyronitrile in 700 mL of cyclohexane is heated at reflux for about three 
1 5 hours. After this time the reaction mixture is cooled to ambient temperature, 
and 125 mL of silica gel is added. The mixture is concentrated under 
reduced pressure, and the residue is subjected to column chromatography. 
The product-containing fractions are combined and concentrated under 
reduced pressure, yielding 1-fluoro-3-(4-chlorophenyl)-3-methyl-1- 
20 tributylstannyl-1-butene. 

Step D Synthesis of 2,4-diamino-6-methyl-5-[1 -fluoro-3-methyl-3-(4- 

chlorophenyl)-1-butenyl]pyrimidine (Compound 62) 

25 This compound is prepared in a manner analogous to that of Step E of 

Example 4, using 1.2 grams (0.0048 mole) of 2,4-diamino-5-iodo-6-methyl- 
pyrimidine, 2.3 grams (0.0048 mole) of 1 -fiuoro-3-(4-chlorophenyl)-3-methyl- 
1-tributylstannyl-1-butene, 0.04 gram of tri-2-furylphosphine, 0.04 gram of 
tris(dibenzylidineacetone)dipalladium(0) in about 30 mL of N,N- 

30 dimethylformamide, yielding 2,4-diamino-6-methyl-5-[1 -fluoro-3-methyl-3-(4- 
chlorophenyl)-1 -butenyljpyrimidine. 



35 



EXAMPLE 14 

SYNTHESIS OF 2,4-DIAMlNO-6-METHYL-5-[3-(4-CHLORO- 
PHENYL)-3-METHYL-1-BUTENYL]PYRIMlDlNE (COMPOUND 21) 
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Step A Synthesis of 2-methyI-2-(4-chIorophenyl)propanol as an 

intermediate 

A stirring mixture of 5.4 grams (0.136 mole) of lithium aluminum hydride 
5 in 300 mL of diethyl ether is cooled in an ice-water bath, and a solution of 
45.0 grams (0.226 mole) of 2-methyl-2-(4-chlorophenyl)propanoic acid in 300 
mL of diethyl ether is added dropwise during a one hour period. Upon 
completion of addition, the reaction mixture is allowed to warm to ambient 
temperature where it is stirred for about 18 hours. After this time the reaction 
1 0 mixture is cooled in an ice-water bath, and the reaction is quenched with the 
careful dropwise addition of water. Upon completion of addition, the reaction 
mixture is made basic with the slow addition of aqueous 10% sodrum 
hydroxide. The mixture is then made acidic with aqueous 2N hydrochloric 
acid. The organic layer is separated and dried with magnesium sulfate. The 
15 mixture is filtered and concentrated under reduced pressure, yielding 41.7 
grams of 2-methyl-2-(4-chlorophenyl)propanol. The NMR spectrum is 
consistent with the proposed structure. 

Step B Synthesis of 2-methyl-2-(4-chlorophenyl)propanaldehyde as an 
20 intermediate 

To a stirring solution of 41 .7 grams (0.226 mole) of 2-methyl-2-(4- 
chlorophenyl)propanol in 100 mL of dimethyl sulfoxide is added 126 mL 
(0.904 mole) of triethylamine. A solution of 63.0 grams (0.452 mole) of 

25 triethylamine-sulfurtrioxide complex in 300 mL of dimethyl sulfoxide is then 
added portionwise during a 15 minute period. Upon completion of addition, 
the reaction mixture is stirred at ambient temperature for about five hours. 
The reaction mixture is then poured into about 500 mL of ice, and made 
acidic with aqueous 2N hydrochloric acid. The mixture is then extracted with 

30 two 1 00 mL portions of diethyl ether. The combined extracts are dried with 
magnesium sulfate and filtered. The filtrate is concentrated under reduced 
pressure, yielding 22.9 grams of 2-methyI-2-(4-chlorophenyl)propanaldehyde. 
The NMR spectrum is consistent with the proposed structure. 

35 Step C Synthesis of 3-methyl-3-(4-chiorophenyl)-1 -iodo-1 -butene as an 

intermediate 
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This compound is prepared in a manner analogous to that of Step C of 
Example 4, using 5.0 grams (0.027 mole) of 2-methyl-2-(4-chlorophenyl)- 
propanaldehyde, 21.6 grams (0.054 mole) of iodoform, and 20.2 grams 
(0.162 mole) of chromium(ll) chloride in 200 mL of tetrahydrofuran. The yield 
5 of 3-methyl-3-(4-chIorophenyi)-1-iodo-1 -butene is 4.8 grams. The NMR 
spectrum is consistent with the proposed structure. 

Step D Synthesis of 3-methyl-3-(4-chlorophenyl)-1 -trimethylstannyl-1 - 

butene as an intermediate 

1 0 A stirring solution of 4.8 grams (0.01 6 mole) of 3-methyl-3-(4- 

chlorophehyl)-1-iodo-1 -butene in 50 mL of tetrahydrofuran is cooled to about 
-90 °C f and 6.9 mL (0.018 mole) of n-butyllithium (2.5 M in hexane) is added 
dropwise at a rate to maintain the reaction mixture temperature at about -85 
to -90 °C. Upon completion of the addition, the reaction mixture is stirred at 

1 5 -90 °C for 30 minutes. After this time, a solution of 3.7 grams (0.01 9 mole) of 
trimethyltin chloride in 10 mL of tetrahydrofuran is added dropwise at a rate 
sufficient to maintain the reaction mixture temperature at about -85 to -90 °C. 
Upon completion of addition, the reaction mixture is again stirred at -90 °C for 
30 minutes. After this time, the reaction mixture is allowed to warm to 

20 ambient temperature where it is stirred for about 1 8 hours. The reaction 
mixture is then poured into 150 mL of water and extracted with 150 mL of 
diethyl ether. The ether extract is dried with magnesium sulfate and filtered. 
The filtrate is concentrated under reduced pressure, yielding 4.8 grams of 3- 
methyl-3-(4-chlorophenyl)-1 -trimethylstannyl-1 -butene. The NMR spectrum 

25 is consistent with the proposed structure. 

Step E Synthesis of 2,4-diamino-6-methyl-5-[3-(4-chlorophenyl)-3- 

methyl-1 -butenyl]pyrimidine (Compound 21 ) 

30 This compound is prepared in a manner analogous to that of Step E of 

Example 6, using 4.8 grams (0.014 mole) of 3-methyl-3-(4-chlorophenyl)-1- 
trimethyistannyl-1 -butene, 2.7 grams (0.01 1 mole) of 2,4-diamino-5-iodo-6- 
methylpyrimidine (prepared in Step B of Example 3), 2.8 grams (0.066 mole) 
of lithium chloride, 0.4 gram (5 mole %) of bis(triphenylphosphine)- 

35 palladium(ll) chloride, and about 0.05 gram (catalyst) of 2,6-di-tert-butyl-4- 
methylphenol in 25 mL of N,N-dimethylformamide. After heating at 65 °C for 
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about 2.5 days, the reaction mixture is cooled and diluted with 100 mL of 
N,N-dimethyIformamide. The mixture is filtered, and the filtrate is poured into 
300 mL of water. The mixture then is extracted with two 200 mL portions of 
ethyl acetate. The combined extracts are dried with magnesium sulfate and 

5 filtered. The filtrate is concentrated under reduced pressure to a residue. 
The residue is adsorbed onto silica gel and subjected to column chroma- 
tography, using 10% methanol in methylene chloride as the eluant. The 
product-containing fractions are combined and concentrated under reduced 
pressure to a residue. NMR analysis of the residue indicates that it is impure 

10 product. The residue is subjected to column chromatography on basic 

alumina (activity II), using 2%, 4%, and 6% methanol in methylene chloride 
as eluants. The product-containing fractions are combined and concentrated 
under reduced pressure, yielding about 2.0 grams of 2,4-diamino-6-methyl-5- 
[3-(4-chlorophenyl)-3-methyl-1-butenyl]pyrimidine, mp 195-200 °C. The NMR 

1 5 spectrum is consistent with the proposed structure. 

E XAMPLE 1 5 

SYNTHESIS OF 2,4-DIAMINO-6-METHYL-5-[3-(4-CHLOROPHENYL)-3- 
METHYL-1 -BUTYNYL]PYRIMIDINE (COMPOUND 43) 

20 

Step A Synthesis of 3-(4-chlorophenyl)-3-methyl-1 -tributyistannyl- 

butanol as an intermediate 

This compound is prepared in a manner analogous to that of Step B of 
25 Example 6, using 5.0 mL (0.036 mole) of diisopropylamine, 4.3 mL (0.036 
mole) of n-butyllithium (2.5M in hexanes), 9.6 grams (0.036 mole) of tri- 
butyltin hydride and 7.0 grams (0.036 mole) of 3-(4-chlorophenyl)-3-methyl- 
butyraldehyde (prepared as in Step A of Example 1 3) in 1 1 0 mL of tetra- 
hydrofuran. The yield of 3-(4-chlorophenyl)-3-methyl-1-tributylstannylbutanol 
30 is 17.4 grams. The NMR spectrum is consistent with the proposed structure. 

Step B Synthesis of 3-(4-chiorophenyl)-3-methyl-1-iodo-1- 

tributylstannylbutane as an intermediate 

35 This compound is prepared in a manner analogous to that of Step C of 

Example 6, using 14.0 grams (0.053 mole) of triphenylphosphine, 3.6 grams 
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(0.053 mole) of imidazole, 13.6 grams (0.053 mole) iodine, and 17.4 grams 
(0.036 mole) of 3-(4-chlorophenyl)-3-methyl-1-tributylstannyibutanol in about 
90 mL of methylene chloride. The yield of 3-(4-ch!orophenyl)-3-methyl-1- 
iodo-1-tributylstannylbutane is 8.7 grams. The NMR spectrum is consistent 
5 with the proposed structure. 

Step C Synthesis of 3-(4-chiorophenyl)-3-methyl-1 -tributylstannyl-1 - 

butene as an intermediate 

1 0 This compound is prepared in a manner analogous to that of Step D of 

Example 6, using 8.7 grams (0.015 mole) of 3-(4-chlorophenyl)-3-methyl-1- 
iodo-1-tributylstannyibutane and 6.5 mL (0.045 mole) of 1,8- 
diazabicyclo[5.4.0]undec-7-ene (DBU) in 50 mL of tetrahydrofuran. The yield 
of 3-(4-chlorophenyl)-3-methy!-1 -tributylstannyl-1 -butene is 5.3 grams. The 

15 NMR spectrum is consistent with the proposed structure. 

Step D Synthesis of 3-(4-chiorophenyl)-3-methyl-1 -butyne as an 

intermediate 

20 A mixture of 4.0 grams (0.0085 mole) of 3-(4-chlorophenyl)-3-methyl-1 - 

tributylstannyl-1 -butene and 4.3 grams (0.0096 mole) of lead tetraacetate in 
30 mL of anhydrous acetic anhydride is stirred at ambient temperature for 
about 1 8 hours. After this time, the reaction mixture is diluted to 100 mL with 
pentarie. The mixture was then filtered through a pad of diatomaceous earth. 

25 The pad of diatomaceous earth is washed with about 300 mL of pentane. 
The wash and the filtrate are combined and concentrated under reduced 
pressure to a residue. The residue is subjected to column chromatography 
on silica gei, using petroleum ether as the eluant. The product-containing 
fractions are combined and concentrated under reduced pressure, yielding 

30 about 1.1 grams of 3-(4-chlorophenyl)-3-methyl-1-butyne. The NMR 
spectrum is consistent with the proposed structure. 



Step E Synthesis of 2,4-diamino-6-methyl-5-[3-(4-chlorophenyl)-3 

methyl-1-butynyl]pyrimidine (Compound 43) 

35 
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This compound is prepared in a manner analogous to that of Step C of 
Example 3, using 0.8 gram (0.0032 mole) of 2,4-diamino-5-iodo-6-methyl- 
pyrimidine, 0.7 gram of (0.0040 mole) of 3-(4-chlorophenyl)-3-methyl-1- 
butyne, 0.3 gram of bis(triphenyIphosphine)pailadium(II) chloride, 0.03 gram 
5 of copper iodide, and 10 mL of piperidine, yielding 0.8 gram of 2,4-diamino-6- 
methyl-5-[[3-(4-chlorophenyl)-3-methyl-1-butynyl]pyrimidine f mp 188-190 °C. 
(Compound 43) The NMR spectrum is consistent with the proposed 
structure. 

10 In an analogous manner there may also be obtained the corresponding 

2,4-diamino-6-methyl-5-[2-[1-(4-chlorophenyl)-1-cyclopentyl]ethynyl]r 

pyrimidine, mp 159-1 61 °C. (Compound 106). 

E XAMP L E 16 

15 SYNTHESIS OF 2,4-DIAMINO-6-METHYL-5-[2-[2-(4-CHLORO- 

PHENYL)-2-(1,3-DIOXOLANYL)]ETHYNYL]PYRIMIDINE (COMPOUND 108) 

A stirring solution of 2.9 grams (0.01 mole) of 2,4-diamino-6-methyl-5-[3- 
(4-chlorophenyl)-3-oxo-1-propynyl]pyrimidine (Compound 46 - prepared as in 

20 Example 9), 12.4 grams (0.20 mole) of ethylene glycol, and 0.1 gram (0.0001 
mole - catalyst) of 1-hydroxy-3-(isothiocyanato)tetrabutyldistannoxane (pre- 
pared by the method of J. Otera et al., JOC, (1991), 56, 5307-5311) in 500 
mL of toluene is heated at reflux for about 27 hours. After this time, the 
reaction mixture is cooled and concentrated under reduced pressure to a 

25 residue. The residue is purified by column chromatography on silica gel, 
yielding 2,4-diamino-6-methyl-5-[2-[2-(4-chlorophenyl)-2-(1 ,3- 
dioxolanyl)]ethynyl]pyrimidine. 

NOTE: The procedure to prepare 2,4-diamino-6-methyl-5-[2-[2-(4- 
30 chlorophenyl)-2-(1 ,3-dioxolanyl)]ethynyl]pyrimidine as shown above is 
disclosed by J. Otera et al., Tetrahedron, (1992), 48, No. 8, 1449-1456. 



35 



EXAMPLE 17 

SYNTHESIS OF TH4/VS-2,4-DIAMINO-6-METHYL-5-[3-(4-TRIFLUORO- 
METHYLPHENYL)-3-METHYL-1-BUTENYL]PYRIMIDINE (COMPOUND 68) 
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Step A Synthesis of 4-trifluoromethyIphenylacetonitrile as an intermediate 

A stirred solution of 250.0 grams (1 .05 moles) of 4- 
trifluoromethylphenylmethyl bromide in 1000 mL of ethanol was heated to 

5 about 80 °C, and a solution of 1 09.0 grams (1 .67 moles) of potassium 

cyanide in about 275 mL of water was added. Upon completion of addition, 
the reaction mixture was stirred at 80 °C for about 1 .75 hours. After this time 
the reaction mixture was cooled to ambient temperature and extracted with 
three portions of diethyl ether. The combined extracts were washed with two 

1 0 portions of water and one portion of an aqueous solution saturated with 
sodium chloride. The organic layer was dried with magnesium sulfate and 
filtered. The filtrate was concentrated under reduced pressure, yielding about 
197 grams of 4-trifluoromethylphenylacetonitrile. 

15 Step B Synthesis of 2-methyl-2-(4-trifiuoromethylphenyl)propanenitrile as 

an intermediate 

A stirred solution of 101.3 grams (0.55 mole) of 4-trifluoromethyl- 
phenylacetonitrile'in 300 mL of tetrahydrofuran was cooled in an ice-bath, 

20 and a solution of 194.1 grams (1.37 moles) of iodomethane in 100mLof 

tetrahydrofuran was added . Upon completion of addition, a solution of 153.5 
grams (1.37 moles) of potassium fert.-butoxide in 900 mL of tetrahydrofuran 
was then added dropwise. Upon completion of addition, the reaction mixture 
was stirred at ambient temperature for about 18 hours. The reaction mixture 

25 was stirred with about 400 mL of water, then aqueous 1 N hydrochloric acid 
was added until the color of the reaction mixture changed from red to yellow. 
Water was then added to the reaction mixture to cause an oily residue to 
separate from the mixture. The water was decanted from the oil, and the oil 
was dissolved in diethyl ether. The ether solution was washed with two 

30 portions of water and two portions of an aqueous solution saturated with 

sodium chloride. The ether solution was then dried with magnesium sulfate 
and filtered. The filtrate was concentrated under reduced pressure, yielding 
about 1 19.8 grams of 2-methyl-2-(4-trifluoromethylphenyl)propanenitrile. The 
NMR spectrum was consistent with the proposed structure. 

35 
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Step C Synthesis of 2-methyl-2-(4-trifluoromethylphenyl)propanaldehyde 

as an intermediate 

A stirred solution of 1 19.8 grams (0.56 mole) of 2-methyl-2-(4-trifIuoro- 
5 methylphenyl)propanenitrile in 100 mL of toluene was cooled to -50 °C, and 
487 mL (0.73 mole) of diisobutyialuminium hydride (1 .5M in toluene) was 
added dropwise during a 45 minute period while keeping the reaction mixture 
temperature between -45 and -50 °C. Upon completion of addition, the 
reaction mixture was stirred at -50 °C for 30 minutes. The reaction mixture 
10 was then warmed to about 0 °C, where it stirred for an additional 30 minutes. 
After this time, the reaction mixture was carefully poured into 1 000 mL of ice- 
cold aqueous 1 .5M sulfuric acid. The resultant mixture was stirred for about 
three hours, then it was allowed to stand for about 1 8 hours. The aqueous 
layer was separated and extracted with 200 mL of diethyl ether. The organic 
1 5 layer and the diethyl ether extract were combined and dried with magnesium 
sulfate. The mixture was filtered, and the filtrate was concentrated under 
reduced pressure, yielding 102.3 grams of 2-methyI-2-(4-trifluoromethyl- 
phenyl)propanaldehyde. The NMR spectrum was consistent with the 
proposed structure. 

20 

Step D Synthesis of bromomethyl triphenylphosphonium bromide as an 

intermediate 

Under a nitrogen atmosphere, a stirred solution of 215.0 grams (0.82 
25 mole) of triphenylphosphine and 1 1 5 mL (1 .64 moles) of dibromomethane in 
600 mL of toluene was heated at reflux for about eight hours. After this time 
a solid was collected by filtration. The filtrate was again heated to reflux 
where it stirred for an additional eight hours. The mixture was cooled and 
additional solid was collected by filtration. The two solids were combined, 
30 yielding about 280 grams of bromomethyl triphenylphosphonium bromide. 

Step E Synthesis of cis/trans -1-bromo-3-methyl-3-(4-trifluoromethyl- 

phenyl)-1 -butene as an intermediate 



35 Under a nitrogen atmosphere, a stirred solution of 1 01 .0 grams (0.23 

mole) of bromomethyl triphenylphosphonium bromide in 400 mL of tetra- 
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hydrofuran was cooled in a dry ice-acetone bath, and 26.0 grams (0.23 mole) 
of potassium tert.-butoxide was added portionwise while maintaining the 
reaction mixture temperature between -70 and -75 °C. Upon completion of 
addition, the reaction mixture was stirred at -75 °C for about 90 minutes. 

5 After this time a solution of 50.0 grams (0.23 mole) of 2-methyI-2-(4-trifluoro- 
methylphenyl)propana!dehyde (prepared in Step C of this Example) in 100 
mL of tetrahydrofuran was added dropwise while maintaining the reaction 
mixture temperature below -65 °C. Upon completion of addition, the reaction 
mixture was allowed to warm to ambient temperature as it stirred for about 18 

10 hours. The reaction mixture was then poured into 500 mL of water and 

extracted with two 300 mL portions of diethyl ether. The combined extracts 
were dried with magnesium sulfate and filtered. The filtrate was concentrated 
under reduced pressure to a residual oil. The oil was subjected to column 
chromatography on silica gel using petroleum ether as the eluant. The 

1 5 product-containing fractions were combined and concentrated under reduced 
pressure, yielding 40.9 grams of cisArans -1-bromo-3-methyI-3-(4-trifluoro- 
methylphenyl)-1-butene. The NMR spectrum was consistent with the 
proposed structure. 

20 Step F Synthesis of 3-methyl-3-(4-trifIuoromethylphenyl)-1-butyne as an 

intermediate 

Under a nitrogen atmosphere, a stirred solution of 40.9 grams (0.14 
mole) of cis/trans- 1-bromo-3-methyl-3-(4-trifluoromethylphenyl)-1-butene 

25 and 47.0 grams (0.42 mole) of potassium te/f.-butoxide in 300 mL of tert.- 
butanol was heated at reflux for about three hours. After this time the 
reaction mixture was allowed to cool to ambient temperature as it stirred for 
about 1 8 hours. The reaction mixture was then poured into 300 mL of water 
and extracted with one 200 mL portion of diethyl ether. The extract was dried 

30 with magnesium sulfate, filtered, and concentrated under reduced pressure to 
a residue. The residue was subjected to column chromatography on silica 
gel using petroleum ether as the eluant. The product-containing fractions 
were combined and concentrated under reduced pressure, yielding 25.2 
grams of 3-methyl-3-(4-trifIuoromethylphenyl)-1-butyne. The NMR spectrum 

35 was consistent with the proposed structure. 
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Step G Synthesis of frans-3-methyl-3-(4-trifluoromethylphenyl)-1- 

butenyiboronic acid as an intermediate 

. Under a nitrogen atmosphere, a stirred mixture of 25.2 grams (0.12 
5 mole) of 3-methyl-3-(4-trifiuoromethyiphenyl)-1-butyne and 12.7 ml_ (0.12 
mole) of 1 ,3,2-benzodioxaborole was warmed to 70 °C where it stirred for six 
hours. The reaction mixture was then cooled and poured slowly into 500 mL 
of ice-water while flushing with nitrogen. The mixture was then allowed to 
warm to ambient temperature where it stirred for about 18 hours. The 
10 mixture was cooled in an ice-bath, and the resultant solid was collected by 
filtration. The solid was washed with water and then dissolved in diethyl 
ether. The solution was washed with 100 mL of an aqueous solution 
saturated with sodium chloride. The organic layer was dried with magnesium 
sulfate, filtered, and concentrated under reduced pressure to a residual solid. 
15 The solid was dried under vacuum without heat, yielding 27.6 grams of trans- 
3-methyi-3-(4-trifluoromethylphenyl)-1 -butenylboronic acid. 

■ 

NOTE: The procedure to prepare frans-3-methyl-3-(4-trifluoromethyiphenyl)- 
1 -butenylboronic acid as shown above is disclosed in two references by G. 
20 W. Kabalka et al., Synthetic Communications, 1 1 (3), 247-251 (1 981 ) and 
Synthetic Communications, 13(12), 1027-1032 (1983). 

Step H Synthesis of /rans-2,4-diamino-6-methyl-5-[3-(4-trifluoromethyl- 

phenyl)-3-methyl-1-butenyi]pyrimidine (Compound 68) 

25 

Sodium metal, 4.1 grams (0.1 8 mole), was stirred with 250 mL of 
ethanol for 30 minutes. After this time 20.0 grams (0 ; 08 mole) of 2,4- 
diamino-5-iodo-6-methylpyrimidine (prepared in Step B of Example 3), 27.6 
grams (0.1 1 mole) of fra/7S-3-methyl-3-(4-trifluoromethylphenyl)-1-butenyl- 

30 boronic acid, and 9.2 grams (0.008 mole) of tetrakistriphenylphosphine 
palladium(O) were added. The reaction mixture was purged with nitrogen, 
and then heated to 80°C where it stirred for about 28 hours. After this time 
the reaction mixture was concentrated under reduced pressure to about 20 % 
of the original volume and then poured into 300 mL of water. The mixture 

35 was cooled in an ice-bath, and a solid was collected by filtration. The solid 
was triturated with a mixture of 1 :1 petroleum ether: diethyl ether, and then 



WO 98/20878 



PCT/US96/17748 



-42- 

subjected to column chromatography on silica gel using 5% methanol in 
methylene chloride as the eluant. The product-containing fractions were 
combined and concentrated under reduced pressure to a solid residue. The 
solid was recrystailized from 1-propanol and water, yielding 15.2 grams of 
5 frans-2,4-diamino-6-methyl-5-[3-(4-trifluoromethylphenyl)-3-methyl-1- 

butenyl]pyrimidine, mp 182-185°C. The NMR spectrum was consistent with 
the proposed structure. 

E XAM PL E 18 

1 0 SYNTHESIS OF 2,4-DIAMfNO-6-METHYL-5-[3-(4-TRIFLUORO- 

METHYLPHENYL)-3-METHYL-l-BUTYNYL]PYRIMlDINE (COMPOUND 84) 

This compound was prepared in a manner analogous to that of Step C 
of Example 3, using 1.3 grams (0.005 mole) of 2,4-diamino-5-iodo-6-methyI- 
1 5 pyrimidine, 1 .6 grams of (0.008 mole) of 3-methyl-3-(4-trifluoromethylphenyl)- 

1- butyne (prepared as in Step F of Example 17), 0.3 gram of bis(triphenyl- 
phosphine)palladium(ll) chloride, 0.05 gram of copper iodide, and 8 mL of 
piperidine in 20 mL of N,N-dimethylformamide, yielding 1.6 grams of 2,4- 
diamino-6-methyl-5-[3-(4-trifluoromethylphenyl)-3-methyI-1-butynyl]- 

20 pyrimidine, mp 153-157 °C. The NMR spectrum is consistent with the 
proposed structure. 

E XAM PL E 19 

SYNTHESIS OF TH>4A/S-2-AMINO-4-PROPYLAMINO-6-METHYL-5-[3-(4- 
25 TRIFLUOROMETHYLPHENYL)-3-METHYL-1-BUTENYL]PYRIMIDINE 

(COMPOUND 140) 

Step A Synthesis of 2-amino-4-propylamino-6-methylpyrimidine as an 

intermediate 

30 

Under a nitrogen atmosphere, a solution of 17.0 grams (0.12 mole) of 

2- amino-4-chIoro-6-methyIpyrimidine (commercially available) and 20 mL 
(0,24 mole) of n-propylamine was stirred, and 25 mL of ethanol was added. 
Upon completion of addition, the reaction mixture was stirred at ambient 

35 temperature for one hour. After this time, the reaction mixture was heated to 
reflux where it stirred for 2.5 hours. An additional five mL of n-propylamine 
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was added to the reaction mixture, then it was allowed to stir at ambient 
temperature for about 18 hours. The reaction mixture was concentrated 
under reduced pressure, and the residue was dissolved in 250 mL of 10% 
methanol in methylene chloride. The cloudy solution was filtered through 300 
5 grams of basic alumina (deactivated with 1 8 mL of water) using 10% 
methanol in methylene chloride as the eluant. The product-containing 
fractions were combined and concentrated under reduced pressure, yielding 
about 21 grams of 2-amino-4-propylamino-6-methylpyrimidine. The NMR 
spectrum was consistent with the proposed structure. 

Step B Synthesis of 2-amino-4-propylamino-5-iodo-6-methyIpyrimidine as 

an intermediate 

Under a nitrogen atmosphere, a solution of 20.0 grams (0.1 2 mole) of 

15 2-amino-4-propyIamino-6-methylpyrimidine in 100 mL of acetic acid was 

stirred, and a mixture of 25.8 grams ( 0.16 mole) of iodine monochloride in 25 
mL of acetic acid was added rapidly during a five minute period. Upon 
completion of addition, the reaction mixture was stirred at ambient 
temperature for about 1 8 hours. After this time about 1 5 grams of sodium 

20 acetate was added to the reaction mixture, which was then concentrated 

under reduced pressure to about one-half volume. The reaction mixture was 
then diluted with 1 00 mL of water and 200 mL of ethyl acetate. The mixture 
was then cooled and made strongly basic with 1 00 mL of 50% aqueous 
sodium hydroxide. The aqueous layer was separated and extracted with 

25 three 1 00 mL portions of ethyl acetate. The extracts were combined with the 
organic layer, and the combination was washed with one 100 mL portion of 
water and one 100 mL portion of an aqueous solution saturated with sodium 
chloride. The organic layer was dried with magnesium sulfate and filtered. 
The filtrate was concentrated under reduced pressure at 50 °C f yielding 33.3 

30 grams of oil. The oil was dried under vacuum for six hours at 60 °C, yielding 
32.4 grams of solid 2-amino-4-propylamino-5-iodo-6-methylpyrimidine. The 
NMR spectrum was consistent with the proposed structure. 
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Step C 



Synthesis of frans-2-amino-4-propylamino-6-methyl-5-[3-(4-trifIuoro 
methylphenyl)-3-methyl-1-butenyl]pyrimidine (Compound 140) 
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This*compound was prepared in a manner analogous to that of Step H 
of Example 17, using 2.1 grams (0.007 mole) of 2-amino-4-propyIamino-5- 
iodo-6-methylpyrimidine, 2.1 grams (0.008 mole) of frans-3-methyl-3-(4- 
trifluoromethylphenyl)-1-butenylboronic acid , 0.3 gram (catalyst) of 

5 tetrakistriphenylphosphine palladium(O), 0.4 gram (0.019 mole) of sodium 
metal in 40 mL of ethanol. This preparation differed from that of Step H of 
Example 17 in that an antioxidant, about 0.1 gram of 2,6-di-te/£-butyl-4- 
methylphenol, was used. The yield of frans-2-amino-4-propylamino-6- 
methyl-5-[3-(4-trifluoromethylphenyl)-3-methyl-1 -butenyl]pyrimidine was 2.0 

1 0 grams, mp 1 40-1 41 °C. The NMR spectrum was consistent with the 
proposed structure. 

EXAMPLE 20 

SYNTHESIS OF T/?v4A/S-2-(1-METHYLETHYLCARBONYL)AMINO-4- 
1 5 (PROPYLAMINO)-6-METHYL-5-[3-(4-CHLOROPHENYL)-1 - 

BUTENYL]PYRIMlDINE (COMPOUND 143) 

This compound is prepared in a manner analogous to that of Example 8, 
using 0.38 gram (0.001 mole) /rans-2-amino-4-propylamino-6-methyl-5-[3-(4- 
20 trifluoromethylphenyl)-3-methyl-1 -butenyl]pyrimidine (Compound 1 40- 

prepared in Example 19) and 0.01 gram (catalyst) of 4-dimethylaminopyridine 
in 5 mL of isobutyric anhydride, yielding frans-2-(1 -methylethylcarbonyl)- 
amino-4-(propylamino)-6-methyI-5-[3-(4-chlorophenyl)-1-butenyl]pyrimidine. 

25 EXA MP LE 2 1 

SYNTHESIS OF TRANS-2,4-DIAMINO-6-METHYL-5-[3-(2,6-DI-t-BUTYL-4- 
PYRlDYL)-3-METHYL-1-BUTENYL]PYRIMIDINE (COMPOUND 198) 

In accordance with the procedures of Example 17, but starting with 4- 
30 bromomethyl-2,6-di-t-butyIpyrimidine in place of 4-trifIuoromethylphenyl- 
methyl bromide, there was obtained the corresponding 3-(2,6-di-t-butyl-4- 
pyridyl)-1-butenyl compound (Compound 198). The NMR spectrum was 
consistent with the proposed structure; m.p., 214-216 °C. 



WO 98/20878 



PCT/US96/17748 



-45- 

EXAMPU E 22 

SYNTHESIS OF 2,4-DIAMINO-6-METHYL-5-[3-(2,6-DI-t-BUTYL-4- 
PYRIDYL)-3-METHYL-1-BUTYNYL]PYRIMIDINE (COMPOUND 201) 

5 In accordance with the procedures of Example 21, but using the 2,6-di-t- 

butylpyridyl-1-butyne (prepared analogous to the product of Step F of 
Example 17) instead of the 1-butenyl intermediate, there was obtained the 
corresponding 3-(2,6-di-t-butyl-4-pyridyl)-1-butynyl compound (Compound 
201). The NMR spectrum was consistent with the proposed structure; m.p., 

10 160-162 °C. 
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Table 1 

Pesticidal 5-fro-fSubst ituted arvM-alkenvlene and alkvnvlene]-2.4- 
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Table 1 (Cont'd) 



Cmpd. 




44 H H CI H 




45 -C=CSi(CH3)2- H H CI H 



46 




H H CI H 



where R3 is hydrogen, R 4 is -CH3, U is -CH=CHCH(CH3)-; V, W, Y, and 2 
are hydrogen; and X is chloro; 

Cmpd. No. 5 B 1 B 2 

47 H -C2H5 H 



48 



H l" «J H 



49 H -CH3 -CH3 

50 H -CH2CH2CH2CH2CH2- 
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where R3 is hydrogen, R 4 is -CH3, U is -CF=CHCH(CH3)-; V, W, Y, and Z 
are hydrogen; and X is chloro; 
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Table 1 (Cont'd) 



where R 3 is hydrogen, R 4 is -CH3, U is -CF=CHC(CH3)2-; V, W, Y, and Z 
are hydrogen; and X is chloro; 
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where R, R 1 , R 2 , and R 3 are hydrogen, and R 4 is -CH3; 
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where R3 is hydrogen, R 4 is -CH3, U is -CH=CHC(CH3)2-; V, W, Y, and Z 
are hydrogen; and X is chloro; 
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where R3 is hydrogen, is -CH3, U is -C=CC(CH3)2-; V, W, Y, and Z are 
hydrogen; and X is chloro; 

B B 1 a 2 
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where R3 is hydrogen, R4 is -CH3, U is -CH=CHC(CH3)2-; V, W, Y, Z, and 
R 1 are hydrogen; 
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where R3 is hydrogen, R 4 is -CH3, U is -C=CC(CH3)2-; V, W, Y, Z, and R1 
are hydrogen; 
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where R 4 is -CH3, U is -CH=CHC(CH3)2-; V, W, Y, and Z are hydrogen; 
and X is -CF3; 



Cmpd. No. 


a 1 


B 2 


B 3 


B 


140 


H 


H 


-C3H7 


H 


141 


H 


H 


-CH(CH3)2 


H 


142 


O 






O 




CH(CH 3 ) 2 



H 



H 



A 



CH(CH 3 ) 2 



143 



A 



CH(CH 3 ) 2 



H 



-C3H7 



H 



144 



O 

A 



CH(CH 3 ) 2 



H 



-CH(CH3)2 



H 



145 



146 



147 



148 
149 



150 



H 
H 
H 
H 
H 



O 



A 



-C3H7 

-CH(CH3)2 
-C3H7 

-CH(CH3)2 
-C3H7 



-C3H7 



H 
H 

-C3H7 
-C3H7 
CH(CH 3 )2 

-C3H7 



H 
H 
H 
H 



H 



CH(CH 3 ) 2 



A 



CH(CH 3 ) 2 



151 



H 



-C3H7 



H 



A 



CH(CH 3 ) 2 



WO 98/20878 



PCT/US96/17748 



-59- 



Table 1 (Cont'd) 

Cmpd. No. a 1 B 2 B 3 B 



152 H -CH(CH 3 )2 H 



CH(CH 3 ) 2 



153 H H -C4H9 H 

154 H -C4H9 H H 

155 H -C4H9 -C4H9 H 

156 H ssq H 

157 H n-C8Hi7 H H 

158 H H n-C8Hi7 H 

O 

159 H n-C8Hi7 H 



CH 3 



160 II H n-CsHi7 H 

^Sh 3 

161 H -C3H6OC2H5 -C3H6OC2H5 H 

162 H -C2H4OC2H4OC2H5 -C2 H 40C2 H 40C2H 5 H 



where R 4 is -CH3, U is -C=CC(CH3)2-; V, W, Y, and Z are hydrogen; and X 
is -CF3; 
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Table 1 (Cont'd) 



P.mpri No. 
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194 
195 



196 



197 



-C^CC(OH)CH 3 - 

-OCC(OCH 3 )CH 3 - 
-CH=CHC(OH)CH 3 - 





W 
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H 


H 


CI 


H 


H 


H 


H 


CI 


H 


H 


H 


H 


CI 


H 


H 


H 


H 


CI 


H 


H 



CH=CHC(OCH 3 )CH 3 - 
-CH=CHCH(CH(CH 3 ) 2 )- H 

-C^CCH(CH(CH 3 ) 2 )- H 



H 



H 



CI 



CI 



H 



H 



H 



H 



(1) t-Bu is tertiary butyl 



where Ar is 



NR 3 R 



FrR 





Cmpd No. 



U 



R> R 1 , R2, r3 are hydrogen, and R 4 is CH3; 



pvridinvlial a 



198 



-CH=CHC(CH 3 ) 2 - 



t-Bu 



t-Bu 



H 
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221 


-C=CC(CH 3 ) 2 - 
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Table 1 (Cont'd) 

Cmpd No. 

222 
223 



U 

-C=CC(CH 3 ) 2 - 
-C=CC(CH 3 ) 2 - 



pvridinvlial n 



(a) position of ring attachment 



2 
2 



1 
1 



H 
H 



CI 
H 



where Ar is 




Cmpd No. 

224 
225 
226 



where Ar is 



Cmpd No. 

227 
228 
229 



C(CH 3 )3 



, U = -C=CC(CH 3 ) 2 -, and R 4 = CH 3 



C(Crt,) ; 



B2 



a 



C(0)(CH2)3CN H C(0)(CH 2 ) 3 CN H 
C(0)CH 2 OCH 3 H C(0)CH 2 OCH 3 H 
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C(Q)CH 3 
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, U = -CH=CHC(CH 3 ) 2 -, and R 4 = CH 3 



C(CH a )3 
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C(0)(CH2) 3 CN H C(0)(CH2) 3 CN H 
C(0)CH 2 OCH 3 H C(0)CH 2 OCH 3 H 
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Table 1 (Cont'd) 



where Ar is 




Cmpd No. 
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Table 1 (Cont'd) 

Cmpri No. 
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Insecticide and Acaricide Formulations 

In the normal use of the pesticidal pyrimidines of the present invention, 
they usually will not be employed free from admixture or dilution, but 
ordinarily will be used in a suitable formulated composition compatible with 

5 the method of application and comprising an insecticidally or acaricidally 
effective amount of the pyrimidine. The pyrimidines of this invention, like 
most pesticidal agents, may be blended with the agriculturally acceptable 
surface-active agents and carriers normally employed for facilitating the 
dispersion of active ingredients, recognizing the accepted fact that the 

10 formulation and mode of application of an insecticide may affect the activity 
of the material. The present pyrimidines may be applied, for example, as 
sprays, dusts, or granules to the area where pest control is desired, the type 
of application varying of course with the pest and the environment. Thus, 
the pyrimidines of this invention may be formulated as granules of large 

15 particle size, as powdery dusts, as wettable powders, as emulsifiable 
concentrates, as solutions, and the like. It will be understood that the 
pesticides themselves may be present as essentially pure compounds, or 
as mixtures of these pyrimidine compounds. 

Granules may comprise porous or nonporous particles, such as 

20 attapulgite clay or sand, for example, which serve as carriers for the 

pyrimidines. The granule particles are relatively large, a diameter of about 
400-2500 microns typically. The particles are either impregnated with the 
pyrimidine from solution or coated with the pyrimidine, adhesive sometimes 
being employed. Granules generally contain 0.05-10%, preferably 0.5-5%, 

25 active ingredient as the pesticidally effective amount. 

Dusts are admixtures of the pyrimidines with finely divided solids 
such as talc, attapulgite clay, kieselguhr, pyrophyllite, chalk, diatomaceous 
earths, calcium phosphates, calcium and magnesium carbonates, sulfur, 
flours, and other organic and inorganic solids which acts carriers for the 

30 insecticide. These finely divided solids have an average particle size of less 
than about 50 microns. A typical dust formulation useful for controlling 
insects contains 1 part of 2,4-diamino-6-methyl-5-[3-(4-chlorophenyl)-3- 
methyl-1-butenyl]pyrimidine and 99 parts of talc. 

The pyrimidines of the present invention may be made into liquid 

35 concentrates by dissolution or emulsification in suitable liquids and into solid 
concentrates by admixture with talc, clays, and other known solid carriers 
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used in the pesticide art. The liquid concentrates and wettable powders are 
compositions containing, respectively, as a pesticidally effective amount, 
about 5-50%, and 10-50% pyrimidine, the balance comprising inert material, 
which includes surface-active dispersing, emulsifying, and wetting agents, 
5 but even higher concentrations of active ingredient may be employed 

experimentally. The concentrates are diluted with water or other liquids for 
practical application as sprays, or with additional solid carrier for use as 
dusts. 



10 By way of illustration, Compound 21 was formulated as a 10% wettable 
powder (10% WP) as follows: 

COMPONENT AMOUNT (vA/vA) 

Compound 21 10.1% 

Wetting Agent 5.0% 

Dispersing Agent 3.8% 

Wetting/Dispersing Agent 0.9% 

Diluent 80.2% 



Manufacturing concentrates are useful for shipping low melting 

1 5 products of this invention. Such concentrates are prepared by melting the 
low melting solid products together with one percent or more of a solvent to 
produce a concentrate which does not solidify on cooling to the freezing 
point of the pure product or below. 

Useful liquid concentrates include the emulsifiable concentrates, 

20 which are homogeneous liquid or paste compositions readily dispersed in 
water or other liquid carriers. They may consist entirely of the pyrimidines 
with a liquid or solid emulsifying agent, or they may also contain a liquid 
carrier such as xylene, heavy aromatic naphthas, isophorone and other 
relatively non-volatile organic solvents. For application, these concentrates 

25 are dispersed in water or other liquid carriers and normally applied as 
sprays to areas to be treated. 

Typical surface-active wetting, dispersing, and emulsifying agents 
used in pesticidal formulations include, for example, the alkyl and alkylaryl 
sulfonates and sulfates and their sodium salts, including fatty methyl 

30 taurides; alkylaryl polyether alcohols; sulfates of higher alcohols; polyvinyl 
alcohols; polyethylene oxides; sulfonated animal and vegetable oils; 
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sulfonated petroleum oils; fatty acid esters of polyhydric alcohols and the 
ethylene oxide addition products of such esters; and the addition products 
of long-chain mercaptans and ethylene oxide. Many other types of useful 
surface-active agents are available in commerce. The surface-active agent, 
5 when used, normally comprises about 5-1 0% by weight of the insecticidal 
composition. 

Other useful formulations include simple solutions of the active 
ingredient in a solvent in which it is completely soluble at the desired 
concentrations, such as acetone or other organic solvents. 
1 o As shown in the biological test methods below, the compounds of the 

present invention were tested in the laboratory as dimethylsulfoxide 
solutions incorporated into an artificial insect or acarid diet or as aqueous 
acetone or methanol solutions containing a small amount of octylphenoxy- 
polyethoxyethanol surfactant for use as foliar sprays. A pesticidally 
1 5 effective amount of pyrimidine in a composition diluted for laboratory 

application is normally in the range of about 0.00001 % to about 0.005% by 
weight, (i.e. 1 part to 50 parts per million) preferably 0.00001 to 0.003%. 
Many variations of spraying and dusting compositions known in the art may 
be used by substituting the pyrimidine of this invention into compositions 
20 known or apparent in the art. 

The pesticidal compositions of this invention may be formulated with 
other active ingredients, including other insecticides, nematicides, other 
acaricides, fungicides, plant growth regulators, fertilizers, etc. 

In using the compositions to control insects or acarids, it is only 
25 necessary that a pesticidally effective amount of pyrimidine be applied to 
the locus where control is desired. Such locus may, e.g., be the insects or 
acarids themselves, plants upon which they feed, or their habitat. When the 
locus is the soil, e.g., soil in which agricultural crops are or will be planted, 
the active compound may be applied to and optionally incorporated into the 
30 soil. For most applications, a pesticidally effective amount will be about 10 
to 1000 g per hectare, preferably 10 g to 500 g. 

Biological Data 

The substituted 2,4-diaminopyrimidines of the present invention were 
35 first incorporated into an artificial diet for evaluation of insecticidal activity 
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against the tobacco budworm {Heliothis virescens [Fabricius]). 

Stock solutions of test chemical in dimethylsulfoxide were prepared 
for each rate of application. The rates of application, expressed as the 
negative log of the molar concentration, and the corresponding 
5 concentrations of the stock solution prepared for each rate are shown 
below: 



stock solution Rate of Application 

10 50 micromolar 4 

5 5 
0.5 6 
0.05 7 
0.005 8 

15 

One hundred microliters of each of the stock solutions was manually stirred 
into 50 mL of a molten (65-70 °C) wheat germ-based artificial diet. The 50 
mL of molten diet containing the test chemical was poured evenly into 
twenty wells in the outer four rows of a twenty-five well, five row plastic tray. 

20 Each well in the tray was about 1 cm in depth, with an opening of 3 cm by 4 
cm at the lip. Molten diet containing only dimethylsulfoxide at the levels 
used in the test chemical-treated diet was poured into the five wells in the 
third row of the tray. Each tray therefore contained one test chemical at a 
single rate of application, together with an untreated control. 

25 Single second instar tobacco budworm larvae were placed in each 

well. The larvae were selected at a stage of growth at which they uniformly 
weigh about 5 mg each. Upon completion of infestation, a sheet of clear 
plastic was heat-sealed over the top of the tray using a common household 
flat iron. The trays were held at 25 °C at 60% relative humidity for five days 

30 in a growth chamber. Lighting was set at 1 4 hours of light and 1 0 hours of 
darkness. 

After the 5-day exposure period, mortality counts were taken, and the 
surviving insects were weighed. From the weights of the surviving insects 
that fed on the treated diet as compared to those insects that fed on the 
35 untreated diet, the percent growth inhibition caused by each test chemical 
was determined. From these data, the negative log of the concentration of 
the test chemical that provided 50% growth inhibition (PI50) was determined 
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by linear regression, when possible, for each test chemical. Where 

possible, the negative log of the concentration of the test chemical that 
provided 50% mortality (pLCso) was also determined. These data are 

presented in Table 2. Table 3, which is supplemental to Table 2, discloses 
5 the corresponding results for additional compounds, using the same 
procedures as in Table 2, where the application rate is 5 (as defined in 
Table 2). 

As shown in Tables 2 and 3, the compounds of the present invention 
inhibited the growth of tobacco budworm. Included amongst the more 
1 0 efficacious, and thus preferred, compounds are, for example, Compounds 
22, 43, 68, 80, 111, 117, 120, 126, 142 and 165 of Table 1. 

Foliar Tests 

Certain substituted-2,4-diaminopyrimidine derivatives with high plso 

1 5 values from the diet test were also tested for insecticidal activity in foliar 
evaluations against the tobacco budworm (TBW), beet armyworm (BAW) 
{Spodoptera exigua Hubner]), and the cabbage looper (CL) {Trichoplusia ni 
[Hubner]). 

In these tests against the tobacco budworm and the beet armyworm, 

20 nine-day-old chick pea plants (Cicer arietinum) were sprayed at 20 psi to 
runoff on both upper and lower leaf surfaces with solutions of test chemical 
to provide application rates as high as 1000 ppm of test chemical. The 
solvent used to prepare the solutions of test chemical was 10% acetone or 
methanol (v/v) and 0.1% of the surfactant octylphenoxypolyethoxyethanol in 

25 distilled water. Four replicates, each containing four chick pea plants, for 
each rate of application of test chemical were sprayed. The treated plants 
were transferred to a hood where they were kept until the spray had dried. 

The four chick pea plants in each replicate treated with test chemical 
as described above were removed from their pots by cutting the stems just 

30 above the soil line. The excised leaves and stems from the four plants in 
each replicate were placed in individual 8-ounce paper cups, which 
contained a moistened filter paper. Five second-instar (4-5 days old) 
tobacco budworms or beet armyworms were counted into each cup, taking 
care not to cause injury. An opaque plastic lid was placed on each cup, 

35 which was then held in a growth chamber for a 96 hour exposure period at 
25°C and 50% relative humidity. At the end of the 96 hour exposure period 
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the cups were opened, and the numbers of dead and live insects were 
counted. Moribund larvae which were disoriented or unable to crawl 
normally were counted as dead. Using the insect counts, the efficacy of the 
test chemical i.e., the percent mortality, was expressed as percent control in 
5 Table 4 below. The condition of the test plants was also observed for 
phytotoxicity and for reduction of feeding damage as compared to an 
untreated control. Table 5, which is supplemental to Table 4, discloses the 
corresponding results for additional compounds, using the same procedures 
as in Table 4, where the application rate is 3 (ppm). 

10 

Foliar tests with cabbage looper were conducted in the same manner 
as described above, the difference being that pinto bean plants (Phaseotus 
vulgaris) were used. 

Of the compounds evaluated on foliage for insecticidal activity, the 
1 5 more active, and thus preferred ones include Compounds 7, 8, 21 , 68, 72, 
74, 84, 88, 90, 1 1 1 , 1 30 and 1 37 of Table 1 . 

In a further embodiment of this invention, it has been found that in 
addition to the excellent activity of the compounds of this invention against 

20 the Order Lepidoptera, as shown in Tables 2 to 5 above, these compounds 
have also been determined to be active against Orders Acarina and 
Coleoptera. Data showing their effectiveness as acarides, particularly as 
miticides, as well as broader insecticidal activity, are set forth in Table 6 
where there is provided the percent control of selected compounds against 

25 twospotted spider mite (TSM-S) (Tetranychus urticae Koch) and Mexican 
bean beetle (MBB) (Epilachna varivestis Mulsant), respectively, at an 
application rate of 10 (ppm). 

The foliar test to show insecticidal activity against Mexican bean 
beetle is conducted in the same manner as the foliar test against cabbage 

30 looper (Tables 4 and 5 above). The foliar test to show acaricidal activity 
against twospotted spider mite is conducted as follows: 

Two seven-day-old pinto bean plants for each rate of 
application are each infested with 50 to 100 adult female 
35 twospotted spider mites about one hour prior to spraying 

with the candidate acaricide. Using test solutions of the 
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candidate acaricide, prepared as described for foliar 
testing, (above) the test plants are sprayed with test 
solution at 1 5 psi to runoff on both upper and lower leaf 
surfaces. The treated test plants are then held in a growth 
5 chamber for an exposure period of 96 hours at 25 °C and 

50% relative humidity. At the end of the exposure period 
each leaf from the test plant is removed from the plant and 
examined under a microscope, and the number of dead 
and live mites are recorded. Percent control is assessed 
1 0 in the same manner as described for foliar testing. 



The effectiveness of other compounds of this invention against the 
Orders Acarina and Coleoptera may be routinely determined by 
conventional testing techniques, employing the above-described diet and/or 
1 5 foliar testing in order to select application rates and activity of the rate of 
magnitude desired, particularly ones comparable to those shown in Tables 
2 to 5 above. 



Summary of Biolo gical Data: Preferred Compounds 
20 Among the more preferred compounds of Table 1 , as shown by their 

activity in Tables 2 to 5, are Compounds 7, 8, 21 , 22, 43, 68, 72, 74, 80, 84, 

88, 90, 111, 117, 120, 126, 130, 137, 142, and 165. 

In addition, there are also preferred, because of their pesticidal 

effectiveness, Compounds 66, 269, 275, 276, and 277. 
25 Of the above compounds, most preferred are Compounds 21 , 43, 68, 

84, and 165. 

These compounds are preferred not only because of their high degree 
of pesticidal activity, especially against Lepidoptera and Coleoptera, but 
also because of their ability to maintain this effectiveness at low application 
30 rates. 



35 
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Table 2 

Pesticidal Activity of S-ko-fSubstituted arvn-alkenvlene and alkvnvlenel-2.4- 

dinminopvrimidines Incorporated into the Diet of Tobacco Budworm 

Percent 

Rate of Growth Percent 

Cmpd. No . Application 1 Inhibition ^ pi50 4 Mortality 5 OLQSO 6 

7 8 1 7.1 0 5.4 

7 75 0 

6 97 35 

5 99 65 

4 100 90 

8 18 7.5 0 5.2 

7 81 20 

6 97 40 

5 99 60 

4 100 90 

7.5 9 7.3 0 6.6 

7 88 35 

6 100 80 

5 100 85 

4 100 90 

7 86 >7.0 15 6.0 
6.5 96 40 

6 99 45 

5 100 85 

4 100 85 

8 7 7.5 0 6.7 

7 87 30 

6 100 85 

5 100 90 



21 



7 
6 
5 
4 

8 
7 
6 
5 



94 
99 
100 
100 

14 
74 
100 
100 



>7.0 



7.3 



40 
80 
90 
95 

0 

35 
95 
80 



6.8 



6.9 
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Table 2 (cont'd) 

Percent 





Rats of 


Growth 




Pprppnt 




Cmpd. No. 


Application 1 


Inhibition 2 ' 3 


Ri50 4 


Mortality 5 


PLQ5C 


30 


6 


2 
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Table 2 (cont'd) 
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PQ QTNQTE S 

The rate of application is expressed as the negative log of the molar 
concentration of the test compound in the diet. 

Percent growth inhibition is derived from the total weight of the 
insects (IW) at each rate of application in the test relative to the total 
weight of insects in an untreated control, 

% Gr. Inh. = [IW (control) .- IW (test) / IW (control)] x 1 00 

A minus % growth inhibition indicates that the insects weighed more 
at the termination of the test than those in the untreated control. 

pl50 is the negative log of the concentration of the test chemical that 
provides 50% growth inhibition in the test insects. 

Percent mortality is derived from the number of dead insects (TD) 
relative to the total number of insects (Tl) used in the test, 

% Mortality = ^ x 100 

Tl 

pLCso is the negative log of the concentration of the test chemical 
that provides 50% mortality of the test insects. 
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Table 3 



Pesticidal Activity of 5- fnWSubstituted arvH-alkenvlene and alkvnviene]-? 4- 
diaminopvrimidines Incorpor ated into t he Diet of Tobacco Rudwnrm 



Rate of Percent Growth Percent Mortality 4 



Cmpd. No. 


Application 1 


Inhibition 2 - 3 




8 


5 


99 


60 


a A 

11 


5 


100 


95 


22 


5 


100 


70 


24 


5 


89 


15 


25 


5 


A A 

44 


0 


28 


5 


90 


0 


67 


5 


92 


5 


68 


5 


99 


75 


70 


5 


94 


70 


71 


5 


97 


50 


72 


5 


98 


4 IT 

45 


73 


5 


96 


60 


74 


5 


98 


50 


76 


5 


97 


20 


77 


5 


100 


o c 

85 


78 


5 


99 


70 


80 


5 


98 


55 


82 


5 


100 


75 


83 


5 


100 


85 


84 


5 


100 


95 


86 


5 


89 


15 


87 


5 


99 


65 


88 


5 


99 


55 


89 


5 


96 


20 


90 


5 


96 


40 


92 


5 


96 


20 


93 


5 


92 


10 


94 


5 


99 


60 


95 


5 


96 


20 


96 


5 


93 


20 


98 


5 


97 


25 


99 


5 


96 


10 


100 


5 


97 


20 


104 


5 


100 


80 


105 


5 


97 


45 


106 


5 


91 


0 


107 


5 


5 


0 



WO 98/20878 



PCT/US96/17748 



-81 - 



Table 3 (cont'd) 





Rate of 


PercQnt Growth 


Pprppnt Mortalitv^ 


Hmnd No 


Annlication 1 


Inhibition*^ 

i 1 Mil k> 111 V-/ 1 il 


111 

1 1 1 


5 


100 


85 


117 


5 


98 




1 20 


5 


100 


90 


1 26 


5 


100 


100 

1 \J\J 


129 


5 


98 


55 


130 


5 


100 


90 


131 


5 

x^ 


99 


75 


132 


5 


100 


90 


133 


5 


95 

x^ 


10 

I vy 


134 


5 


95 


10 


135 


5 


96 


5 


136 


5 


48 


5 


137 


5 


98 


45 


138 


5 


100 


85 


139 


5 


96 


30 


142 


5 


100 


90 


154 


5 


97 


65 


198 


5 


90 


0 


201 


5 


77 


5 


274 


5 


98 


75 


275 


5 


98 


85 


276 


5 


97 


75 


277 


5 


99 


75 



F QQTNQTES 

The rate of application is expressed as the negative log of the molar 
concentration of the test compound in the diet. 

Percent growth inhibition is derived from the total weight of the 
insects (IW) at each rate of application in the test relative to the total 
weight of insects in an untreated control, 

% Gr. Inh. = [IW (control) - IW (test) / IW (control)] x 100 

A minus % growth inhibition indicates that the insects weighed more 
at the termination of the test than those in the untreated control. 
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4 Percent mortality is derived from the number of dead insects (TD) 
relative to the total number of insects (Tl) used in the test, 



% Mortality = ^ x 100 

TI 
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Table 4 

Pesticidal A ctivity of 5-[(o-f Substituted arvH-alkenvlene a nd alkvnvleney? 4- 

diaminopvrimidines Applied as Foliar Sprays 



Rate of Percent Control -1 - 2 

Application 

Cmpd No. 



21 



(ppm) 


TBVY 




BAW 


300 






100 


100 






100 


30 


100 


100 


95 


1 f) 
i u 


1 nn 


1 nn 


OU 


3 


95 


100 


22 


1 


84 


80 




0.3 


6 


15 




30 




100 


100 


10 


20 


100 


95 


Q 
O 


ACi 




1 n 

I u 


1 


11 


70 


5 


0.3 




15 


0 


30 


100 


100 


100 


10 


100 


95 


95 


3 


100 


90 


47 


1 


100 


95. 


20 


0.3 


60 


85 


10 


30 


100 


100 


100 


10 


100 


100 


89 


3 


100 


95 


16 


1 


95 


95 


5 


0.3 


78 


95 


0 


30 






95 


10 


100 


100 


40 


3 


100 


100 


15 


1 


90 


95 


5 


0.3 


89 


80 


0 


0.1 


15 


10 




10 


88 






3 


44 






1 


27 
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Table 4 (cont'd) 



Cmpd No. 



34 



43 



44 



65 



Rate of 




rGrcGnt uontroi 1 ^ 




Application 






dAW 


(PRml 


TBW 


100 


85 


100 


26 


30 


30 


75 


10 


10 


5 


10 


0 


3 


0 


0 


0 


1 


0 


0 


0 


30 






0 


10 


100 


i uu 


u 


3 


1 00 


l UU 


n 
u 


1 


94 


yu 


n 
u 


0.3 


29 


on 

oy 


u 


0.1 


1 9 


DO 




300 


0 


40 


16 


100 


0 


5 


0 


30 


0 


0 


0 


10 


0 


15 


20 


3 


0 


0 


0 


300 


100 


100 




100 


95 


50 




30 


79 


5 




10 


6 


0 




3 


0 


0 





FOOTNOTES 

1 ) TBW - tobacco budworm 
CL - cabbage looper 
BAW - beet armyworm 

2) Percent control is derived from the total number of dead insects (TD) 
plus the total number of moribund insects (TM) as compared to the 
total number of insects (Tl) in the test: 

TD+TM 

% Control = x 100 

Tl 
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Table 5 

Pesticirial Activity of S-foWSuhstitute d arvH-alkenvlene and alkvnvlenel-2.4- 

diaminopvrimidines Applied as Foliar Sprays 





Rate of 




Percent control 






Application 




£L 


BAW 


Cmpd No. 


(ppm) 


TBW 


8 


3 


90 


80 




22 


3 


100 


90 


a r\ 

10 


24 


3 


5 


30 


50 


28 


3 


0 


1 5 


0 


68 


3 


100 


1 Uu 


1 fin 


70 


3 


a n 
4U 


^ l 


I o 


72 


3 


4*£ 


/ U 


/ D 


73 


3 


no 
2o 




u 


76 


3 


I b 




i i 


77 


3 


A A 
1 1 




U 


78 


3 


40 


1 00 


U 


82 


3 


94 


bO 




83 


3 




/4 


U 


84 


3 


53 


95 


OU 


87 


3 


0 


0 


5 


88 


3 


37 


85 


ou 


89 


3 


0 


30 


a r\ 

l 2 


90 


3 


100 


75 


84 


92 


3 


0 


40 


0 


94 


3 


6 


95 


16 


95 


3 


6 


37 


0 


96 


3 


0 


53 


0 


98 


3 


65 


25 


0 


99 


3 


6 


55 


0 


100 


3 


76 


5 


6 


104 


3 


83 


90 


0 


105 


3 


0 


55 


0 


106 


3 


0 


15 


10 


111 


3 


100 


95 




117 


3 


95 


100 


5 


120 


3 


63 


100 


0 


126 


3 


88 


100 


0 


129 


3 


95 


95 


5 


130 


3 


94 


100 


100 


131 


3 


68 


95 


0 


132 


3 


31 


70 


5 
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Table 5 (cont'd) 





Rate of 




Percent Control 1 ' 2 






Application 








Cmpd No. 


(ppm) 


TBW 




BAW 


134 


3 


58 


50 


5 


135 


3 


11 


0 


5 


137 


3 


100 


26 


77 


138 


3 


9 


89 


6 


139 


3 


20 


0 


0 


142 


3 


94 


100 


100 


275 


3 


100 


95 


85 


276 


3 


54 


60 


72 


277 


3 


68 


95 


0 



FO OTNOTE S 

1 ) TBW - tobacco budworm 
CL - cabbage looper 
BAW - beet armyworm 

2) Percent control is derived from the total number of dead insects (TD) 
plus the total number of moribund insects (TM) as compared to the 
total number of insects (Tl) in the test: 

TD+TM 

% Control = x 100 

Tl 
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Table 6 

Insecticidal and Acaricidal Activity of 5 -rco-fSuhstituted arvlValkRnvlene and 



alkvnvlene1-2.4-diaminoDvrimidines A pplied as Foliar Sprays 





Rate of 


Percent Control* £ 




Application 






Cmpd No, 


(ppm) 


TSM-S. 


MBB 


7 


10 


68 


5 


8 


10 


15 


0 


21 


1 0 


49 


5 


22 


10 


76 


0 




1 0 


70 


55 


66 


10 


43 




68 


10 


89 




70 


10 


92 


25 


72 


10 


32 


30 


77 


10 


7 




82 


10 


24 




84 


10 


67 


70 


88 


10 


80 


10 


98 


10 


13 


5 


104 


10 


7 


50 


111 


10 


39 


35 


117 


10 


6 




120 


10 


78 


30 


126 


10 


92 


60 


129 


10 


19 


35 


130 


10 


36 


65 


132 


10 




20 



FOOTNOTFS 

1 ) TSM-S - twospotted spider mite 
MBB - Mexican bean beetle 

2) Percent control is derived from the total number of dead insects (TD) 
plus the total number of moribund insects (TM) as compared to the 
total number of insects (Tl) in the test: 

TD+TM 

% Control = x 1 00 

Tl 
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ln a* further embodiment of this invention, several of the compounds 
disclosed above have, themselves, been found to be novel and useful 
intermediates in the preparation of the 2,4-diaminopyrimidine insecticides 
and acaricides disclosed and claimed herein. 

Included amongst these intermediate compounds are those 5-iodo 
compounds having the following formula: 




10 (II) 
wherein 

R, R1, R 2 , and R 3 are independently selected from hydrogen, alkyl [e.g., 
-CH3, -C2H5, -C3H7, -CH(CH3)2, n-C8Hi7], cycloalkyl (e.g., 
15 cyclohexyl), alkoxyalkyl (e.g., -C3H6OC2H5), alkoxyalkoxyalkyl 

(e.g., -C2H40C2H40C2H5) t or arylalkyl ( e.g., phenylmethyl); or, 

R 1 and R 2 , and R 3 and R, each independently, when taken together with 
pentylene or 3-oxapentylene, form piperidine and morpholine ring 
20 systems respectively; and 

R 4 is hydrogen or lower alkyl [e.g., -CH3, -C2H5, -CH(CH3)2]. 

Other novel intermediates falling within the scope of this invention 
25 include those having the formula: 

^ (U) 
7' ^Ar 

(III) 

wherein 



30 T is selected from -B(OH)2 or -Sn(R 5 )3, where R 5 is lower alkyl (e.g., -CH3, 

n-C4H9); 
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U is a C3 to about Ci2» preferably C3-C8, alkenylene [e.g. 

-CH=CHCH(CH3h -CH=CHC(CH3)2], haloalkenylene (e.g., 
-CH=CHCF2-, -CF=CHC(CH3)2-), alkoxyalkenylene [e.g., 
-CH=CHCH(OCH3)-], 2-(1 -substituted-1 -cycloalkyl)a!kenylene [e.g., 
2-(1 - substituted-1 -cyclopentyl)ethenyIene], 2-(substituted-oxacyclo- 
alkyl)alkenyiene [e.g., 2-(4-substituted-4-tetrahydropyranyl)- 
ethenylene], 2-[2-substituted-2-(1 ,3-dioxacycloalkyl)]aIkenyiene [e.g., 
2-[2-substituted-2-(l ,3-dioxolanyl)]ethenyIene or 2-[2-substituted-2- 
(1 ,3-dioxanyl)]ethenylene], dialkylsilylalkenylene [e.g., 
-CH=CHSi(CH3)2-], oxoalkenylene (e.g., 3-oxo-1-propenyiene) or 
hydroxyalkenylene [e.g., -CH=CHC(OH)CH3-]; 

with the proviso that when U is alkenylene, it is other than 1- 
propenylene [e.g. -CH=CHCH2-]; 

Ar is as defined above in Formula I, i.e., wherein 
V, W, X, Y, and Z are independently selected from hydrogen, halogen, 
lower alkyl, lower haloalkyl, lower alkoxy, lower haloalkoxy, lower 
alkoxyalkyl, lower alkylsulfonyl, substituted aryl, substituted aryloxy, 
and hydroxy; and 
n is 0 or 1 . 

These novel intermediates, as shown in the above examples, may 
readily be prepared from known starting materials by conventional means. 
25 Illustration of intermediates of structure II, and their preparation, for 

example, include 2,4-diamino-5-iodo-6-methylpyrimidine (see Example 3). 
Similarly, illustrations of intermediates falling within structure III, and their 
preparation, include 1 ,1-difluoro-1-(4-chlorophenyl)-3-tributylstannyl-2- 
propene (see Example 4); 1-oxo-1-(4-chlorophenyl)-3-tributylstannyl-2- 
30 propene (see Example 5) as well as those of Examples 6, 11, 13, 14 and 
15. 

Conversion of these intermediates to the pesticide products of this 
invention likewise employs methods well-known to those skilled in the art; 
and in any event these methods are fully documented by the processes of 
35 the above examples. 



5 



10 
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ln each of these methods the nature of the substituents on the final 
product may readily be determined by selection of the correspondingly 
substituted starting materials as shown in the examples above, or by 
introduction of such groups by means well known to those skilled in the art 
5 such as conventional halogenation or reduction reactions, or the like also 
shown in the above examples. 



10 



15 



20 



25 



30 



35 
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We Claim 

1 . A 5-substituted 2,4-diaminopyrimidine compound of the formula: 



NR 3 R 



R 2 R 1 N 




(I) 



wherein 



10 R, R 1 , R 2 , and R 3 are independently selected from hydrogen, alkyl, 

cycloalkyl, aJkoxyalkyl, alkoxyalkoxyalkyl, arylalkyl, aJkylcarbonyl, 
cycloalkylcarbonyl, alkoxycarbonyl, alkoxyalkylcarbonyl, 
alkoxyalkoxyalkylcarbonyl, arylcarbonyl, pyridinylcarbonyl, 
aryloxyalkyl, haloalkylcarbonyl, and cyanoalkylcarbonyl; or 

15 

R 1 and R 2 , and R 3 and R, each independently, when taken together with 
pentylene or 3-oxapentylene, form piperidine and morpholine ring 
systems respectively; 

20 R 4 is hydrogen or lower alkyl; 

U is a C3 to about C12 alkenylene, haloalkenylene, alkoxyalkenylene, 2-(1- 
substituted-1 -cycloalkyi)alkenylene, 2-(substituted-oxacyclo- 
alkyl)alkenyiene, 2-[2-substituted-2-(1,3-dioxacycIoalkyl)]alkenylene, 
25 dialkylsilylalkenylene, oxoalkenylene, or hydroxyalkenylene; or 

a C3 to about C12 alkynylene, alkoxyalkynylene, 
heterocycloalkylalkynylene, 2-(1 -substituted-1 -cycloalkyi)alkynylene, 2- 
(substituted-oxacycloalkyl)alkynylene, 2-[2-substituted-2-(1,3- 
30 dioxacycloalkyl)alkynylene, dialkylsilylalkynylene, oxoalkynylene, or 

hydroxyalkynylene; 
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Ar is 



v w 




(0) n 



wherein 

5 V, W, X, Y, and Z are independently selected from hydrogen, halogen, 
lower alkyl, lower haloalkyl, lower alkoxy, lower haloalkoxy, lower 
alkoxyalkyl, lower alkylsulfonyl, substituted aryl, substituted aryioxy, 
and hydroxy; and 
n is 0 or 1 ; 

1 0 and agriculturally acceptable salts thereof. 

2. The compound of claim 1 having an unsaturated bridge at the 
pyrimidine 5-position with the unsaturation adjacent to the pyrimidine. 

3. The compound of claim 1 wherein R and R 3 are independently 
selected from hydrogen, alkyl, alkylcarbonyl, alkoxycarbonyl, 

1 5 alkoxyalkylcarbonyl, alkoxyalkoxyalkylcarbonyl, or pyridinylcarbonyl. 

4. The compound of claim 1 wherein R 1 and R 2 are independently 
selected from hydrogen, alkyl, alkylcarbonyl, alkoxycarbonyl, 
alkoxyalkylcarbonyl, alkoxyalkoxyalkylcarbonyl, and pyridinylcarbonyl. 

5. The compound of claim 1 wherein R 4 is lower alkyl. 

20 6. The compound of claim 1 wherein U is alkenylene, 2-(1- 

substituted-1 -cycloa!kyl)alkenylene, 2-(1 -substituted-oxacycloalkyl)- 
alkenylene, 2-[2-substituted-2-(1 ,3-dioxacycloalky)alkenylene, dialkylsilyl- 
alkenylene, alkynylene, 2-(1-substituted-1-cycloalkyI)alkynylene, 2- 
(substituted-oxacycloalkyl)alkynylene, 2-[2-substituted-2-(1,3~dioxacyclo- 

25 alkyI)]alkynylene,or dialkylsilylalkynylene. 

7. The compound of claim 1 wherein W and X are independently 
selected from hydrogen, halogen, haloalkyl, alkylsulfonyl, and OCF3. 

8. The compound of claim 1 wherein Ar is 
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V W 




wherein V, W, X, Y, and Z are as defined in claim 1 . 
9. The compound of claim 1 wherein Ar is 




wherein X, Y, Z and n are as defined in claim 1 . 

10. The compound of claim 1 whereinR, R 1 , R 2 , and R 3 are 
independently selected from hydrogen, lower alkyl, alkoxyalkoxyalkyl, 
10 alkylcarbonyl, alkoxycarbonyl, alkoxyalkylcarbonyl, alkoxyalkoxy- 
alkylcarbonyl, pyridinyicarbonyl, and haloalkylcarbonyl; 

R4 is lower alkyl; 

15 U is a C3-8 alkenylene, 2-(1 -substituted- 1 -cycloalkyl)alkenylene, 2-(1 - 

substituted-oxacycloalkyl)aIkenylene, 2-[2-substituted-2-(1 ,3- 
dioxacydoalkyl)alkenyIene, dialkylsilylalkenylene, alkynylene, 2-(1- 
substituted-1 -cycloalkyl)alkynylene, 2-(substituted- 
oxacycloaIkyl)alkynylene, 2-[2-substituted-2-(1 ,3- 

20 dioxacycloa!kyl)]alkynylene,or dialkylsilylalkynylene; 

Ar is as defined in claim 1 , 
wherein 

W, X, and Y are independently selected from hydrogen, halogen, haloalkyl, 
25 lower alkyl, lower alkoxy, and lower alkylsulfonyl; 
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V, and Zare hydrogen; and 
nisOorl. 

11. The compound of claim 1 which is trans-2,4-diamino-6-methyl- 

5- [3-(4-ch!orophenyl)-1-butenyl]pyrimidine. 

5 12. The compound of claim 1 which is 2,4-diamino-6-methyl-5-[3-(4- 

fluorophenyl)-3-methyl-1-butenyl]pyrimidine. 

13. The compound of claim 1 which is 2,4-diamino-6-methyl-5-[3-(4- 
chlorophenyl)-3-methyl-1-butenyl]pyrimidine. 

14. The compound of claim 1 which is 2,4-diamino-6-methyl-5-[3-(4- 
10 chlorophenyl)-3-methyl-1-butynyl]pyrimidine. 

15. The compound of claim 1 which is 2,4-diamino-6-methyl-5-[3- 
methyl-3-(4-trifluoromethylphenyl)-1-butenyl]pyrimidine. 

1 6. The compound of claim 1 which is 2,4-diamino-6-methyl-5-[3- 
methyl-3-(4-trifluoromethylphenyl)-1-butynyl]pyrimidine. 

15 17. The compound of claim 1 which is 2,4-di(1 -methylethyl- 

carbonylamino)-6-methyl-5-[3-methyl-3-(4-trifluoromethylphenyl)-1- 

butynyl]pyrimidine. 

1 8. The compound of claim 1 which is 2,4-di(methylcarbonylamino)- 

6- methyl-5-[3-(4-chlorophenyl)-3-methyl-1-butenyl]pyrimidine. 

20 19. The compound of claim 1 which is 2,4-di(1-methylethylcarbonyl- 

amino)-6-methyl-5-[3-(4-chlorophenyl)-3-methyl-1-butenyi]pyrimidine. 

20. The compound of claim 1 which is 2,4-di(3-ethoxypropyl- 
carbonylamino)-6-methyl-5-[3-(4-trifluoromethyl)-3-methyl-1-butenyl]- 

pyrimidine. 

25 21. The compound of claim 1 which is 2,4-di(ethoxymethylcarbonyl- 

amino)-6-methyl-5-[3-(4-trifluoromethyl)-3-methyl-1-butenyl]pyrimidine. 

22. The compound of claim 1 which is 2,4-diamino-6-methyl-5-[3-(4- 
methylsulfonyl)-3-methyl-1-butenyl]pyrimidine. 

23. The compound of claim 1 which is 2,4-diamino-6-methyl-5-[3-(4- 
30 methylsulfonyl)-3-methyl-1 -butynyl]pyrimidine. 

24. The compound of claim 1 which is 2,4-bis[di(methylcarbonyl)- 
amino]-6-methyl-5-[3-(4-trifiuoromethylphenyl)-3-methyl-1-butynyl]- 

pyrimidine. 

25. The compound of claim 1 which is 2,4-di(propylcarbonylamino)- 
35 6-methyl-5-[3-(4-chlorophenyl)-3-methyl-1-butynyl]pyrimidine. 
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26. * The compound of claim 1 which is 2,4-di(methylcarbonylamino)- 
6-methyl-5-[3-(4-trifiuoromethylphenyl)-3-methyl-l-butenyl]pyrimidine. 

27. An insecticidal or acaricidal composition comprising an 
insecticidally or acaricidally effective amount of the compound of claim 1 in 

5 admixture with an agriculturally acceptable carrier. 

28. An insecticidal or acaricidal composition comprising an 
insecticidally or acaricidally effective amount of the compound of claim 2 in 
admixture with an agriculturally acceptable carrier. 

29. An insecticidal or acaricidal composition comprising an 

1 0 insecticidally or acaricidally effective amount of the compound of claim 6 in 
admixture with an agriculturally acceptable carrier. 

30. The composition of claim 27 further comprising a surface-active 
agent. 

31 . The composition of claim 30 wherein the surface-active agent is 
1 5 a wetting agent, a dispersing agent, or an emulsifying agent, or mixtures 

thereof. 

32. A method for controlling insects or acarids which comprises 
applying to the locus where control is desired an insecticidally or acaricidally 
effective amount of the composition of claim 27. 

20 33. A method for controlling insects or acarids which comprises 

applying to the locus where control is desired an insecticidally or acaricidally 
effective amount of the composition of claim 28. 

34. A method for controlling insects or acarids which comprises 
applying to the locus where control is desired an insecticidally or acaricidally 

25 effective amount of the composition of claim 29. 

35. A method for controlling insects or acarids which comprises 
applying to the locus where control is desired an insecticidally or acaricidally 
effective amount of the composition of claim 30. 

36. A method for controlling insects or acarids which comprises 

30 applying to the locus where control is desired an insecticidally or acaricidally 
effective amount of the composition of claim 31. 

37. A 5-iodo compound of the formula: 
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15 



N 



R 2 R 




X X 



wherein 




5 R, R 1 , R 2 f and R 3 are independently selected from hydrogen, alkyl, 

cycloalkyl, alkoxyalkyl, alkoxyalkoxyalkyl, and arylalkyl; or, 

R 1 and R 2 and R 3 and R, each independently, when taken together with 
pentylene or 3-oxapentylene, form piperidine and morpholine ring 
1 0 systems respectively; and, 

R 4 is hydrogen or lower alkyl. 

38. A compound of the formula: 

(U) 

^ Ar 

(III) 

wherein 

20 T is selected from -B(OH)2 and -Sn(R 5 )3, where R 5 is lower alkyl; 

U is a C3 to about C12 alkenylene, haJoalkenylene, alkoxyalkenylene, 2-(1- 
substituted-1 -cycloalkyl)alkenylene, 2-(substituted-oxacyclo- 
alkyl)alkenylene, 2-[2-substituted-2-(1 ,3-dioxacycloalkyl)]alkenylene, 
25 dialkylsilylalkenylene, or oxoalkenylene; 

with the proviso that when U is alkenylene, it is other than 1- 
propenylene; 

30 Ar is 
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(0) n 



wherein 

V, W, X, Y, and Z are independently selected from hydrogen, halogen, 
lower alkyl, lower haloalkyl, lower alkoxy, lower haloalkoxy, lower 
5 alkoxyalkyl, lower alkylsulfonyl, substituted aryl, substituted aryloxy, 

and hydroxy; and 
n is 0 or 1. 

39. An insecticidal 5-substituted 2 f 4-diaminopyrimidine compound 
10 of the formula: 




R is hydrogen, alkylcarbonyl, cycloalkylcarbonyl, alkoxycarbonyl, 

alkoxyalkylcarbonyl, alkoxyalkoxyalkylcarbonyl, pyridinylcarbonyl, or 
arylalkyl; 

20 R 1 and R 2 are independently selected from hydrogen, lower alkyl, 

alkylcarbonyl, cycloalkylcarbonyl, alkoxycarbonyl, alkoxyalkyl- 
carbonyl, alkoxyalkoxyalkylcarbonyl, pyridinylcarbonyl, and arylalkyl; 
or, 



25 R 1 and R 2 , taken together with pentylene or 3-oxapentylene, form 

piperidine and morpholine ring systems respectively; 
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R 3 is hydrogen and R 4 is lower alkyl; 

U is alkenyiene, haloalkenylene, alkoxyalkenylene, 2-(1-substituted-1- 
5 cycloalkyl)alkenylene, 2-substituted-oxacycloalkyl)aIkenylene, 2-[2- 

substituted-2-(1 ,3-dioxacycloaIkyl)]alkenylene, dialkylsilylalkenylene, 
oxoalkenylene, alkynylene, alkoxyalkynylene, heterocycloalkyl- 
alkynylene, 2-(1 -substituted-1 -cydoalkyl)alkynylene, 2-(substituted- 
oxacycloalkyl)alkynyIene, 2-[2-substituted-2-(1 ,3-dioxacycloalkyl)]- 
1 0 alkynylene, dialkylsilylalkynylene, or oxoalkynylene; 

V, W, X, Y, and Z are independently selected from hydrogen, halogen, 
lower alkyl, lower haloalkyl, lower alkoxy, lower haloalkoxy, lower 
alkoxyalkyl, lower alkylsulfonyl, substituted aryl, and substituted 
15 aryloxy; 

and agriculturally acceptable salts thereof. 

40. The compound of claim 39 which is trans-2,4-diamino-6-methyl- 
5-[3-(4-chlorophenyl)-1-butenyl]pyrimidine. 
20 41 . The compound of claim 39 which is 2,4-diamino-6-methyl-5-[3- 

(4-fluorophenyl)-3-methyl-1-butenyl]pyrimidine. 

42. The compound of claim 39 which is 2,4-diamino-6-methyl-5-[3- 
(4-chlorophenyl)-3-methyI-1-butenyl]pyrimidine. 

43. The compound of claim 39 which is 2,4-diamino-6-methyl-5-[3- 
25 (4-chIorophenyl)-3-methyl-1 -butynyl]pyrimidine. 

44. The compound of claim 39 which is 2,4-diamino-6-methyl-5-[3- 
methyl-3-(4-trifluoromethylphenyl)-1-butenyl]pyrimidine. 

45. The compound of claim 39 which is 2,4-diamino-6-methyl-5-[3- 
methyI-3-(4-trifluoromethylphenyl)-1-butynyl]pyrimidine. 

30 46. The compound of claim 39 which is 2,4-di(1 -methylethyl- 

carbonylamino)-6-methyl-5-[3-methyl-3-(4-trifIuoromethylphenyl)-1- 
butynyl]pyrimidine. 

47. An insecticidal composition comprising an insecticidally 
effective amount of the compound of claim 39 in admixture with an 

35 agriculturally acceptable carrier. 
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48. A method for controlling insects which comprises applying to 
the locus where control is desired an insecticidally effective amount of the 
composition of claim 47. 
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